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STEP-NRF — Network-model Results Format

Abstract

This document is a STEP based application protocol for the electronic exchange of bulk results data
associated with network models. A network model in this context is a generic representation of an
engineering object (or a collection of related engineering objects) by a collection of discrete network
nodes and relationships between these nodes. The bulk results are characteristic, predicted, assigned or
observed properties for components of the engineering object(s), which are sampled during an analysis,
test or operation run.

The protocol may aso be called NRF-APR, for short.

STEP (STandard for the Exchange of Product model data) is the casual name for the 1SO 10303
standard. The NRF-AP is a so-called External Application Protocol, which means it is not an official
ISO work item. Its development is initiated and funded by the European Space Agency (ESA) in
co-operation with the French Space Agency (CNES).

ISO 10303 / STEP is a series of International Standards for the computer-interpretable representation
and exchange of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of a product, independent from any particular system. The nature
of this description makesit suitable not only for neutral file exchange, but also abasis for implementing
and sharing product databases and archiving. The development of the SO 10303 standard is a
world-wide undertaking covering al engineering disciplines and all industrial branches. It started in
1984 and is the most comprehensive effort in itskind.

Current status and ongoing activities

The current Release 1.4 is the fifth release for Version 1 of the Network-model Results Format
Application Protocol.

This release is the first complete Application Protocol including an implementable Application
Interpreted Model (AIM) that covers all aspects of bulk results exchange for network models. This
release forms the basis upon which the first version of the NRF read/write library will be developed.
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Document Status Sheet

Document Status Sheet for NRF-002-AP

version, release, date

reason for change

v1, r1.0, 24-Jun-96

First release.
Created using the [STEP-TAS-AP] as atemplate.

vi,rl.1, 19-Jul-96

Changed name from Network Model Bulk Results (NMBR) to Network-model Results

Format . Acronym remained NRF.

Added the product_structure UoF.

Added the parameterised_functions UoF.

Indate_and_time UoF:

* Declared the [STEP-41] objects ordinal_date, day of week and week of year out of
scope.

In generic_network_model_representation:

Changed networ k_model_component EXPRESS code.

Changed definition of generic_network_model.

Added class attribute to networ k_node and network_node_relationship
Added examplesto network_node.

Specified purpose of network_node_usage.

Added network_node_relationship_usage.

In the bulk_results UoF:

* Added node_classes and nrelationship_classes attributesto run_context.
* Integrated descriptive_domain_list into descriptive value list, removed
enumerated_list .

Removed model_component_class.

Extended description of property_class.

Changed qualified_property_classinto property_class with_role.
Added property_class roletype.

Redesign of tensor properties, replacing properties with tensor nature by tensors of
properties.

Corrected minor text errors.

vl, rl.2, 14-Aug-96

Added sensor_represensentation UoF.

Added sensor_oriented _results UoF.

Indate_and_time UoF :

¢ added [sTEP-41] date_and_time object.

In generic_network_model_representation UoF:

¢ change assertions of generic_network_model object.

¢ change attributes and assertions of submodel _usage object.

¢ add elementsin definition and EXPRESS specification of
network_node relationship.
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Document Status Sheet for NRF-002-AP (Continued)

version, release, date

reason for change

suppress modelling_assumption, product_version_relationship,
product_functional_decomposition_relationship and
modelling_assumption_relationship objects.

In bulk_results UoF:

changed run_context attributes.

changed aspect definition and attributes.

added aspect_char acterization object.
changed generic_property_class definition.
changed descriptive_property_class definition.
changed aspect_scan attribute.

In sensor_representation UoF :

added physical_sensor.
added virtual _sensor.
added calibration_law.
added sensor_limit.

Insensor_oriented_results UoF :

added comparison_values.
added tabulated_values.
added column.

vl, rl.3, 23-Aug-96

Significant restructuring of Clause 4, in line with the working session between Fokker
Space and GOSET held 14-Aug-1996. Major modifications are:

Application objects have been listed alphabetically.

Moved discussion of NRF Results Space from Clause 4 to Clause 1.2 “ Fundamental
concepts and assumptions”.

Removed ExPRESS specifications from Clause 4 descriptive specifications.

Corrected “ordinate” to “abscissa’.

Added ato_campaign, ato_case and ato_phase objects.

Added security features

Removed sensor_oriented_results UoF. The requirements in this UoF are covered by
using the scan_of_derived_values and property class for_functions. These
requirements al so specified something like a tabular export format, which shall be a
regquirement for a postprocessor, not for the protocol.

Moved the requirements of aspect_characterization object to the roles attribute of a
property classand to scan_of derived_values.

Moved requirements for calibration_law to property_class for_functions, which
provides a generic solution.

Complete update of all EXPRESS-G diagramsin Annex G.

vl1, r1.4, 15-Nov-96

First release with mapping table and complete AIM (Clause 5 and Annexes A, B, C).
Clause 4 (ARM) was updated slightly to remove ambiguities and small errors.

scan: add INVERSE attribute of aspect referring to an aspect

aspect: add assertion about the order of scans

ato_phase: add attribute of casereferring to an ato_case

ato_case: define attribute phases as an INV ERSE attribute

ato_case: define unit_assignments as an INVERSE attribute

ato_case: changed attribute abscissa classto refer to aproperty class usage
ato_case: add assertion to enforce abscissa class.property to refer to a
property class scalar_quantitative or aproperty_class scalar_descriptive
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Document Status Sheet for NRF-002-AP (Continued)

version, release, date

reason for change

aspect: remove the attribute of _case

aspect: remove the assertion

list_of_descriptive values: replace the attribute of _case by the attribute
applicable for referring to a set of property_class usage

list_of_descriptive values: add an assertion to enforce thelist_of_descriptive_values
to be applicable for property_class scalar_descriptive

property class scalar_descriptive: define attribute value_container asan DERIVE
attribute referring to a SET[1:7] of list_of descriptive values

list_of functions: replace the attribute of _case by the attribute applicable for referring
to aset of property class usage

list_of functions: add an assertion to enforcethelist_of functionsto be applicablefor
property class scalar_functional

property class scalar_functional: define attribute function_container as an DERIVE
attribute referring to a SET[1:7] of list_of functions

property class tensor: changed the attribute membersinto an INVERSE attribute
referring to a SET[1:7] of scalar_in_tensor

(the reason for change isthat a property_class scalar may be a member of one or more
property_class tensor, may be referred to by several members of a same
property_class tensor, and may have roles depending on each of its usagesin the
property_class tensor)

scalar_in_tensor: add this new object to specify a member of a

property class tensor, its position in the tensor and its meaning at this position
property class tensor: remove attribute tensor_mask (unuseful because of the
addition of scalar_in_tensor)

tensor_mask: remove this entity (the information can be derived with considering the
attribute position of the members of aproperty class tensor)
tensor_mask_member: remove this object

tensor_mask_class: remove this object.

property class scalar: remove attribute roles

property class tensor: remove attribute roles

property class usage: add this entity to characterize the usage of aproperty_classin
an ato_case

aspect: change the attribute for_property classto refer to aproperty class usage
model_component_sequence: define the attribute root_model as a DERIVE attribute
parameterized_function: restrict the attributes parameter_properties and
result_property to the type property class scalar_quantitative

model_represents product_relationship: add network_model in thelist of types
alowed for the attribute model _constituent in order to have a definition consistent with
the assertion network_model_requires product_definition

approvals are assigned: add this assertion for consistency with 1SO 10303-41
(definition of approval) and with 1SO 10303-203

Furthermore, the Space-domain Integrated Resources (SIR) were developed as a separate
document (SIR-001-IR, v1, r1.0). The SIR define generic resources which can be used by
al Application Protocols in the space domain.

Changes with respect to the previous release are indicated by vertical bars in the margin.
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Foreword

This document is a STEP based application protocol for the electronic exchange of bulk results data
associated with network models. A network model in this context is a generic representation of an
engineering object (or a collection of related engineering objects) by a collection of discrete network
nodes and rel ationships between these nodes. The bulk results are characteristic, predicted, assigned or
observed properties for components of the engineering object(s), which are sampled during an analysis,
test or operation run.

The following annexes are normative: A, B, C, D, E.
The following annexes are informative: F, G, H, J, K, L, M.

This Application Protocol follows to a large extent the guidelines and recommendations of
[STEP-AP-Guide] “Guidelines for the Development and Approval of STEP Application Protocols’ and
[STEP-Sup-Dir] “Supplementary directives for the drafting and presentation of 1SO 10303”.

Clauses 3 and 4 were produced using many of the concepts and approaches documented in
[ESABASE-Lib], [SET-ATS], [GFF], [TDH], [TFCC], [ESATAN-UM], [CDF], [netCDF], [HDF], and
in particular [GEM-Core].

Annex M provides the details on all these references.
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I ntroduction

0.1

011

0.1.2

0.1.3

Brief introduction on the STEP standard

STEP is the casua name for the 1SO 10303 standard and stands for Standard for the Exchange of
Product model data.Work on the standard started in 1984 and is still in progress with participants from
all over the world. This introduction is compiled with elements from [STEP-1], [Kuiper-94] and
[Fowler-95].

The objectives of STEP

STEP part 1 says: “1SO 10303 is a series of International Standards for the computer-interpretable
representation and exchange of product data. The objective is to provide a neutral mechanism capable
of describing product data throughout the life cycle of a product, independent from any particular
system. The nature of this description makes it suitable not only for neutral file exchange, but also a
basis for implementing and sharing product databases and archiving.” [STEP-1].

In other words the STEP methodology has been developed to meet industry requirements for standard
data specifications that support:

¢ |ong term storage and retention of product information;

* reduction and elimination of “islands of automation”;

* independence of data from the software tools which create or consume information;

e communication of product information between departments, disciplines, and enterprises.

In addition, the fact that STEP is a standard introduces additional requirements, in that the specification
developed to fulfil these requirements should be stable, extensible, and publicly available.

Principles

The STEP methodology is based on asmall number of fundamental principles:

* STEP defines an architecture for product data, providing stability and extensibility;
e STEP supports and requires traceability of datato industry needs;

* Therole of STEPisthe standardisation of industry application semantics;

¢ STEP defines the requirements for implementation of product data exchange, based on a separation
of data specifications (the logical definition) from implementation forms (the physical realisation);

* STEP defines the requirements for the assessment of conformance of implementations.

The STEP architecture

The architecture of STEP results from the principles stated above. The complete architecture of STEP
is described in the SO 10303 Architecture and Reference Manual, which is currently being prepared
for publication. Below the main elements of the architecture will be highlighted.

Layered approach with functional series of standard documents

The STEP standard takes a layered approach to product data modelling. The different layers are called
series and these contain parts which are related by the function they perform. The series are given in
Table 1.

Each series adds specific aspects to the product data model description. The higher numbered layers
build further on concepts defined in the lower numbered layers. The EXPRESS language is used to
formally define the data models (schemas in STEP parlance) of the parts in layers 4, 5, 6 and 7.
Application protocols are directed for use by a specific user community, engineering discipline or
branch of industry. The standard also includes a formal methodology for conformance testing of
STEP-based products that claim to implement one of the application protocols.

XVi
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Table1l- Theseriesof STEP standard documents

layer | seriestitle and part number range | example standard documents
1 | Description Methods SO 10303 Part 11
10 series The EXPRESS Language Reference Manual
2 | Implementation Methods SO 10303 Part21
20 series Clear Text Encoding of the Exchange Structure
SO 10303 Part22
Standard Data Access Interface
3 | Conformance Testing Methodology | 1SO 10303 Part31
and Framework General Concepts
30 series
4 | Integrated Generic Resources SO 10303 Part41
40 series Fundamentals of Product Description and Support
ISO 10303 Part42
Geometric and Topological Representation
5 | Integrated Application Resources SO 10303 Part105
100 series Kinematics
6 | Application Interpreted Constructs | 1SO 10303 Part509
500 series Manifold Surface Shape Representation
7 | Application Protocols SO 10303 AP 203
200 series Configuration Controlled Design
8 | Abstract Test Suites SO 10303 Part 303
300 series Abstract Test Suite — Configuration Controlled Design
(for AP 203)

Key elements of the STEP architecture

Figure 0-1 provides a high level summary of the key elements of the STEP architecture. The arrowsin
Figure 0-1 specify the existence dependence between the elements, i.e. an element at an arrow’s tail is
dependent on an element at its head.

After the figure a short description of each of the key elementsis given.
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Application Protocols — 200 series
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Note: g e
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Application Protocol) depends on A’s existence

Figure 0-1 - Key elements of the STEP architecture—the grey areas denote therelation between these

elements and the STEP documentation structure

Industry Application Semantics

Figure 0-1 shows that the key element upon which al other elements of the STEP architecture depend
isindustry application semantics. It identifies the processes and data that are essential to an industrial
application domain — in other words the industrial needs and semantics that are particular to data
exchange in some industry application domain. It must be possible to trace back the concepts and
definitions used in the other architectura elements to the needs and semantics in the Industry
Application Semantics.

Application Activity Model

Industry application semantics are defined more formally by reference to an Application Activity
Model (AAM). This model is created with the IDEFO activity modelling technique and supports the
analysis of the activities and information flows within the industry application. The AAM provides a
context model for the application domain and the activities and information flows that are “in scope” or
“out of scope” are explicitly declared. The “in scope” information flows can then be elaborated in
further detailed STEP analysis and specification models — in particular the Application Reference
Model (ARM). It should be noted that the role of the AAM isto capture the activities within an industry
application (“what is done”), not the detailed processes (“how it is done”). The latter are likely to vary
between organisations, or with time as the result of continuous improvement or business process
re-engineering.

Application Reference M odel

The second element of the STEP architecture that results from detailed analysis of the product data
exchange requirements in the industrial application domain, is the Application Reference Model
(ARM). This is a detailed specification of the data objects (entities and attributes) and their
relationships, that completely define the “in scope”’ information flows, which were identified in the
AAM. This specification is prepared through analysis of requirements identified by experts in the

XViii
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industry application — sometimes referred to as “domain experts’. These requirements are therefore
described using the terminology of the application domain. They form the basis for further
development aswell as for review and validation, e.g. by peer experts.

Application I nterpreted Model

The data exchange requirements laid down in the ARM are trandated — by a “STEP expert” — into a
normative STEP data specification in the Application Interpreted Model, as much as possible through
selection and constraint of the common building blocks: the Integrated Resources and the Application
Interpreted Constructs. This re-use of standard data constructs across a wide range of industry
requirements results in a high degree of consistency and integration across models, and enables
potential re-use of the software code used in interfaces and the potential sharing of common data across
application domains. The AIM is defined using the EXPRESS language, which is computer
interpretable and therefore enables file-based exchange according to the STEP Part 21 physical file
format and/or data access using the STEP Part 22 SDAI.

Integrated Resources

The Integrated Resources are specified in context independent models and form standard data
constructs that are used in the creation of an AIM. They are data models that reflect and support the
common requirements of many different product data application areas. Together the Integrated
Resources constitute a single, logical, conceptual product data model. They are, however, not
themselves intended for direct implementation: they define re-usable building blocks that are intended
to be combined and refined to meet specific requirements stated in an ARM. Integrated Resources are
specified in EXPRESS.

Application Interpreted Constructs

The Application Interpreted Constructs are a relatively late addition to the STEP architecture. They
capture the fulfilment of a collection of requirements that are common to two or more ARMs, i.e.
shared by two or more industry application domains. Application Interpreted Constructs are aso
specified in EXPRESS and explicitly identify the potential for shared data or so-called interoperability
between two or more Application Protocols/ industry application domains.

The difference between Integrated Resources and Application Interpreted Constructs can explained as
follows:

¢ |ntegrated Resourceswere devel oped — and are still being devel oped and refined — on the basis of an
a priori conception by product data modelling experts of what common product data modelling
resources would be needed across awide range of application domains. As stated before Integrated
Resources are not intended for direct implementation in an AIM, but often need to be combined and
refined first.

e Application Interpreted Constructs are the common collections of requirements in the ARM and
their corresponding implementation in the AIM that are “discovered” during the development of
various Application Protocols. Application Interpreted Constructs are a ready-for-implementation
kind of “plug-in” modules that can be included in an AIM.

Conformance Classes

An Application Interpreted Model gives the normative specification for data to be exchanged between
computer applications. This provides the scope and boundaries for implementations of product data
exchange that conform to STEP, and also the cope and boundaries for testing implementations. In order
to meet the needs of differing computer systems used within a given industrial application, whilst
maintaining consistency of implementation and testing, two or more Conformance Classes may be
specified for an AIM. A Conformance Class defines a subset of the AIM that may be used as the basis
for implementation and testing. These subsets define the minimum conforming implementation based
on the AIM; implementations based on any other subsets are not considered to be conforming.

Abstract Test Suites

The importance of testing and testability within STEP is reflected by a standardised framework and
methodology for conformance testing. The Abstract Test Suite is the manifestation of the needs of
testing within the STEP architecture. An Abstract Test Suite specifies, in non-specific or parameterised
form, the test cases that will be used in assessing the conformance of an implementation to the data
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specification contained in an AIM and thee other elements of the STEP architecture upon which an
AIM depends. Experience in other domains, such as the OSI standard for Open Systems, has shown
that standardisation of Abstract Test Suitesis an essential prerequisite to repeatability and consistency
of testing, and therefore of mutual recognition of test results across regional or national bodies.

The basis of the STEP product data model

The consistency of data specifications within STEP for a wide range of industry applications —
Application Protocols — is ensured by the reuse of common Integrated Resources. The Integrated
Resources themselves are based in a formalised framework for product data, sometimes referred to as
the Generic Product Data Model. The framework defines the basis of al data specification that are
standardised within STEP.

Elements of data specifications (or “constructs’) are taken to be the representation of facts about
objectsin the real world. The Generic Product Data Model framework is based on a classification of the
types of data that describe products. The classification identifies five major types of data:

¢ Application context — data that defines the purpose for which product information is created, and the
types of product, disciplines, and life-cycle stages for which such information is valid. The use of
an application context allows e.g. data that represents an “as designed” product to be distinguished
from that for an “as built” configuration, etc.

* Product definition — data that identifies products, including variants, categories and/or life-cycle
“views’ of products. Product definition data also includes that which relates to the structure of
products, in terms of assembly structures, configurations, effectivities, bill of material, etc.

* Product property definition — data that characterises products by their properties, independent of the
representation of such properties. For example, it is possible to identify the shape of an object, or
aspects of the shape, as a property of the object, without providing a detailed description of the
shape using a CAD model or an engineering drawing. Examples of product properties are: shape,
surface finish, constituting material.

* Product property representation — data that represents the properties of a product, including
multiple representations of the same property. For example, the shape of an object may be
identified, and then described in many different ways: a 3D CAD model, a physical mock-up, an
engineering drawing, atechnical illustration and a mathematical model are different representations
of the same shape.

* Product property presentation — data that defines the presentation of product information to support
human communication. For example, the shape of an object (which is a product property) is
represented by coordinate values, curves, surfaces, etc.; then this representation is presented by
assigning colours, line fonts and a viewpoint, and displaying the resulting picture on aworkstation.

This classification of product dataisthe basisfor all STEP data specifications. It is the framework upon

which al the Integrated Resources are built, and is reflected in the Application Interpreted Models

(AIMs) of all Application Protocols. The models that capture this framework embody the principle of

existence dependence, which ensures that all product information is related to an identified product and

ultimately to an application context. This classification structure is summarised graphically in

Figure 0-2.

XX
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STEP product data description layer Example data “instances”
Application Context, e.g.: “Network model Results Format”
application_context “Thermal control engineering”
product_context “As designed”
product_definition_context
A
T is valid for
Product Definition, e.g.:
product “Spacecraft propulsion tank”
product_definition “physical design”

product_definition_formation “type X2a”

F N

T is property of

Product Property Definition, e.g.:
product_definition_shape “outer wall”
shape_aspect “top semi-sphere”

T represents

Product Property Representation, e.g.:

shape_representation tank coordinate system
solid_model “outer wall CSG model”
“top semi-sphere B-Rep”
A
T presents
Product Property Presentation, e.g.:
product_data_representation_view drawing
curve_style (on display, as hardcopy, ...)

camera_model

Figure 0-2 - Product data type classification and existence dependencein STEP data models

This principle can lead to models that are at first sight counter-intuitive: rather than stating that a
product has a shape, a shapeis“of” aproduct. However, simple analysis of this example shows that the
existence dependent form of the model requiresthat a shape is aways the shape of a product. Similarly,
at a lower level in the structure, STEP does not allow the existence of “geometry” data just as
collections of points, lines, curves, etc. Through the existence dependent structures in the STEP
models, such a collection of geometry data must be the representation of some property, that is related
to the definition of a product, that has validity in some application context. Thus the basic structure of
the STEP models satisfies and enforces the principle identified above: that al product data should be
traceable to an industrial need.
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Realisation of a STEP solution for product data exchange

One of the main features of the STEP standard is the division between logical and physical
representation of model data.This helps in achieving a clean development process which is best
illustrated by the following diagram.

logical <& B physical

interpretation
with integrated
~» resources

what
context for whatis

activities? exchanged data stores

analysis of the STEP-21 &

= ; ) .

% problem domain normative physical file

= data/object

8 model

= working )

S [ process data develop £ use
fx, (EXPRESS) SDAI applications §

$ (EXPRESS-G)

<

© AAM ARM AIM

Figure 0-3 - lllustration of the development steps needed to reach a working STEP product data exchange

0.1.6

solution and different elements of the STEP standar disation methodology
(adapted from a diagram by P. Kuiper —TNO)

Actual data exchange takes place through the physical implementation in either a [STEP-21] physical
file, a so-called working form or shared database. The physical implementation is derived in a
standardised way from the logical definition in an Application Interpreted Model (AIM) of a certain
Application Protocol and can possibly be accessed through an SDAI [STEP-22] compliant
programming interface, for which a significant part could have been computer-generated from the AIM
EXPRESS schema by a suitable STEP toolkit.

Status of the STEP standard and itsimplementations

The STEP standard is becoming mature and the First Release (Parts 1, 11, 21, 31, 41, 42, 43, 44, 46,
101, 201, 203) has been issued per September 1994 as International Standard (1S). Commercial
development tools are available on the market and most major CAx software vendors are now offering
STEP-based import/export facilities or have announced to support the STEP standard.

XXii
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Clause 1 - Scope

11

1.2
121

Definition of Scope

This application protocol specifies the STEP resources necessary for the electronic exchange of bulk
results data associated with network models. A network model in this context is a generic
representation of an engineering object (or a collection of related engineering objects) by a collection
of discrete network nodes and relationships between these nodes. The bulk results are characteristic,
predicted, assigned or observed properties for components of the engineering object(s), which are
sampled during an analysis, test or operation run.

This application protocol isaimed at batch exchange of bulk results data, after completion of arun. The
design does not include special features for handling of streams of result data during the execution of a
run.

The following are within the scope of this application protocol:

* The representation of an engineering object by a network model of discrete nodes and relationships
between those nodes.

¢ A hierarchical tree structure of network models and submodels.

* The definition and representation of properties of engineering objects. Both quantitative properties
(with numerical value) and descriptive properties (with descriptive content) are supported.

* The representation of values of properties as scalars, vectors and tensors.
* Thedefinition and representation of analysis, test and operation runs which produce bulk results.

* The definition and representation of product structure, in the form of assembly trees, and the
rel ationships between items in the product structure and in the network model representation.

The following are outside the scope of this application protocol:

* Discipline dependent specialisations of network models, such as: therma lumped parameter
models, structural finite element models, computational flow dynamics models.

Fundamental concepts and assumptions

The stages of activity relevant to analyses, tests and operations

When performing analyses, tests or operations on a product of interest, three major stages can be

distinguished:

1) The definition of the mission and the flowdown into a set of established requirements for the
product —i.e. the definition of desired or needed behaviour.

2) The definition of analysis, test or operation cases, which define a scenario, initial and boundary
conditions and a representation model of the product of interest. Such scenarios, conditions and
models mostly consist of idealisations and/or extreme combinations of conditions. These are used
for the following purposes:

- Inanalysis, to predict how the product will operate.
- Inanalysisor test, to verify that the product operates or will operate conform its requirements.
- Inactua operation, to measure how the product is performing while deployed in redlity.

An analysis, test or operation campaign may collect a number of related cases.
A case may be decomposed into a number of analysis, test or operation phases.

3) The execution of analysis, test or operation runs, in which the bulk results data are produced.
A run sequence may collect a sequence of related runs.
In this protocol stages 2) and 3) arein scope, but stage 1) is not in scope.

The table below summarises the three stages and the most important concepts that play a role in each
stage.
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Sage 1 — Definition of mission
and reguirements

Sage 2 — Definition of analyses,
tests and operations

Sage 3 — Execution of analyses,
tests and operations

mission
requirement

product structure

campaign

case

phase

product structure
network model
property class

run sequence

run, scan

property value

scalar, vector, tensor
parameterised function

The NRF results space

The conceptual architecture for storing results is very simple: results are stored as characteristic,
predicted, assigned or observed properties of model componentsin aresults space. In this results space,
aproperty isidentified by coordinatesin only three dimensions:

¢ what isthe property class for which values are stored in the dataset?

¢ whereinthe model —that is: for which model components — does this property apply ?

¢ when —that is: at which scan abscissa along the progression of the run — does a property class for a
particular model component have a particular value?

The results space can be visualised as in the diagram of Figure 1-1.
In the real world a number of factors complicate this simple concept:

* |norder to interpret the results data correctly, an exchange dataset needs to provide an application
and its user with sufficient (meta-)information about the exchange dataset and the properties.

* The results are not restricted to just bare numbers, so it is necessary to include information about
how the results are represented. Even when the values of properties can be expressed as numeric
scalars, it is necessary to include information about what these numbers signify. In the case of
physical quantities one needs to know in which unit the values are expressed. Besides scalars, the
values can also be vectors, tensors or descriptive data, for which representation structures have to be
specified.

A final consideration in the design of this protocol isthat of efficiency, which isvery important for bulk

results data where models have many thousands of components, and a single component’s property

value may be sampled thousands of timesin arun. The straightforward approach of storing a potential
property value for every property class, for every model component, at every possible scan abscissa
would lead to very inefficient storage because:

* Property classes do not necessarily apply to all model components.

* The observation of property values is not necessarily synchronized as the values of properties are
not always obtained at the same scan abscissa. There is a good chance that it is impossible to
determine the full state —which contains all applicable property values for all model components —
at aparticular scan abscissa.

Because of these reasons, valid and/or defined property values may be distributed very sparsely

throughout the results space.

The NRF protocol contains specia features to achieve efficient storage, even for sparsely distributed

data

* the use of aspects prevent storage of data for meaningless combinations of model components,
properties and scans
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1.2 Fundamental concepts and assumptions

use of masks alow indication of the presence of data, preventing the storage of indeterminate

values for undefined data

referencing common data structures (like text strings) prevents data duplication

- -~
%ﬁ%@uﬁ

s1uauodwoo jepow

Schematicillustration of the bulk results space

Figure1-1
and itsthree dimensions. model components,

property classes and scan abscissa
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Clause 2 - Normative References

The following documents, ISO standards or working drafts contain provisions which, through
reference in thistext, constitute provisions of thisApplication Protocol. At the time of development, the
editions indicated between parenthesis were valid.

[STEP-1] SO 10303-1:1994 (1S)
Overview and fundamental principles

[STEP-11] SO 10303-11:1994 (1S)
Description methods. The EXPRESS language reference manual

[STEP-21] SO 10303-21:1994 (1S)
Clear text encoding of the exchange structure
Note: Also known as“STEP Physical File’.

[STEP-31] SO 10303-31:1994 (1S)
Conformance testing methodology and framework

[STEP-41] SO 10303-41:1994 (1S)
Integrated generic resources. Fundamentals of product description and support

[STEP-42] SO 10303-42:1994 (1S)
Integrated generic resources: Geometric and topological representation

[STEP-43] SO 10303-43:1994 (1)
Integrated generic resources. Representation structures

[STEP-44] SO -10303-44:1994 (1S)
Integrated generic resources: Product structure configuration

[STEP-45] ISO/DIS 10303-45 (DIS)
Integrated generic resources; Materials

[STEP-46] SO 10303-46:1994 (1S)
Integrated generic resources. Visual presentation

[STEP-104] ISO 10303-104:1996 (CD)
Integrated application resources: Finite element analysis

Note: the edition (release status) of the documents is given between parentheses, using the following

abbreviations:

WD Working Draft

CD Committee Draft

CDB Committee Draft, in Ballot

CDBE Committee Draft, Ballot Ended
CbhC Committee Draft, for Comment
CDCE Committee Draft, Comments Ended
DIS Draft International Standard

IS International Standard
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Clause 3 - Definitions and Abbreviations

31
3.1.1

312
313

314

315

316

317

318

319

3.1.10

3111

3.1.12
3.1.13

3.1.14

3.1.15
3.1.16

3.1.17
3.1.18

3.1.19

3.1.20
3121

Terms Defined in 1SO 10303-1

abstract test suite — a part of this International Standard that contains the set of abstract test cases
necessary for conformance testing of an implementation of an application protocol.

application —agroup of one or more processes creating or using product data.

application activity model (AAM) —a model that describes an application in terms of its processes
and information flows.

application context — the environment in which the integrated resources are interpreted to support the
use of product data in a specific application.

application interpreted model (AIM) — an information model that uses the integrated resources
necessary to satisfy the information requirements and constraints of an application reference model,
within an application protocol.

application object — an atomic element of an application reference model that defines a unique
concept and contains attributes specifying the data elements of the object.

application protocol — a document complying with [AP-Guide] that specifies an application
interpreted model satisfying the scope and information requirements for a specific application.

application reference model (ARM) — an information model that describes the information
requirements and constraints of a specific application.

application resource — an integrated resource whose contents are related to a group of application
contexts.

assembly — a product that is decomposable into a set of components or other assemblies from the
perspective of a specific application.

component — a product that is not subject to decomposition from the perspective of a specific
application.

conformance class — a subset of an application protocol for which conformance may be claimed.

conformance requirement — a precise, text definition of a characteristic required to be present in a
conforming implementation.

data — a representation of information in a formal manner suitable for communication, interpretation,
or processing by human beings or computers.

data exchange — the storing, accessing, transferring, and archiving of data.

data specification language — a set of rules for defining data and their relationships suitable for
communication, interpretation, or processing by computers.

exchange structure — a computer-interpretable format used for storing, accessing, transferring, and
archiving data.

generic resour ce — an integrated resource whose contents are context-independent.

implementation method — a part of this International Standard that specifies a technique used by
computer systems to exchange product data that is described using the EXPRESS data specification
language [STEP-11].

infor mation — facts, concepts, or instructions.

information model — a formal model of a bounded set of facts, concepts or instructions to meet a
specified requirement.
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3.1.22 integrated resource — a part of this International Standard (i.e. 1SO 10303) that defines a group of
resource constructs used as the basis for product data.

3.1.23 interpretation — the process of adapting a resource contruct from the integrated resources to satisfy a
requirement of an application protocol. This may involve the addition of restrictions on attributes,
the addition of constraints, the addition of relationships among resource constructs and application
constructs, or al of the above.

3.1.24 PI CS proforma — a standardised document in the form of a questionnaire, which, when completed for
aparticular implementation, becomes the protocol implementation conformance statement.

3.1.25 presentation — a recognizable visua representation of product data.

3.1.26 product —athing or substance produced by a natural or artificial process.

3.1.27 product data — a representation of information about a product in a forma manner suitable for
communication, interpretation, or processing by human beings or by computers.

3.1.28 product information — facts, concepts, or instructions about a product.

3.1.29 product information model — an information model which provides an abstract description of facts,
concepts and instructions about a product.

3.1.30 protocol implementation conformance statement (PICS) — a statement of which capabilities and
options are supported within an implementation of a given standard. This statement is produced by
completing a PICS proforma.

3131 resource construct — a collection of EXPRESS language entities, types, functions, rules and
references that together define a valid description of an aspect of product data.

Refer to 1SO 10303 part 11 for the reference manual of the EXPRESS language.

3.1.32 structure—aset of interrelated parts of any complex thing, and the rel ationships between them.

3.1.33 unit of functionality — a collection of application objects and their relationships that defines one of
more concepts within the application context such that removal of any component would render the
concept incomplete or ambiguous.

3.2 Terms Defined in SO 10303-31

321 postprocessor —asoftware unit that trandates product information from an independent public domain
product data format to the internal format of a particular computer system.

322 preprocessor — a software unit that trandates product information from the internal format of a
particular computer system to an independent public domain product data format.

3.3 Terms Defined in 1 SO 10303-45

331 material —the substance or substances of which product is composed or made.

332 material property —a product characteristic which depends upon the material or materials comprising
the product.

333 material designation — an identifier which is assigned by agreement.

34 Terms Defined in thisAP

341 class—anamed category of items which share common characteristics and behaviour.

34.2 exchange dataset— coherent and valid set of instances of entities conforming to the AIM schema
defined in this AP. The dataset is instantiated in the form of a [STEP-21] physical file, a working
form or a shared database. An exchange dataset can be accessed through an SDAI programming
interface, as defined in [STEP-22].

343 model — a representation in software or hardware of one or more properties of a product and possibly
its operational environment for the purpose of design, analysis or verification. By its nature a model
is an idealised representation of the product.
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344
345
346

347

348
349
34.10

3411

34.12

34.13

34.14

3.5

property - aquality or attribute belonging and especially peculiar to an object, common to all members
of aclass.

qualifier - aword or word group that limits or modifies the meaning of another word or word group
[Webster].

root-model — The highest level model in a hierarchical model/submodel tree. The root-model
comprises directly or indirectly all submodels.

run — an elementary analysis, test or operation step with a clearly defined start and end, performed in
the framework of an analysis study, atest or an operation. In arun an analysis model, atest article
or an operating product is analysed, tested or operated for a particular purpose and in a particular
environment, using a particular analysis tool, a test facility or (when applicable) an operational
facility. A run produces analysis, test or operation results.

sensor —ameans or device for observation of a property.
state - mode or condition of being [Webster].

submodel —a next lower level model in a hierarchical model/submodel tree. A submodel may contain
other (yet lower level) submodels. The model/submodel tree forms an acyclic graph.

submode occurrence — areference to amodel at alevel lower than root-model level in a hierarchical
model/submodel tree. The submodel occurrence has some attributes in addition to the model it
references: e.g. its usage name and — for geometric models — its location and orientation with
respect to its supermodel.

supermodel —a next higher level model in a hierarchical model/submodel tree. A supermodel contains
one or more submodels. The model/submodel tree forms an acyclic graph.

tensor - a generalization of the concept of vector that consists of a set of components usually having
multiple rows of indices that are functions of the coordinate system and have invariant properties
under transformation of the coordinate system. [Webster]

unit - a determinate quantity (as of length, time, heat, value, or housing) adopted as a standard of
measurement [Webster]

Abbreviations

AAM Application Activity Model

AlM Application Interpreted Model

AP Application Protocol

ARM Application Reference Model

B-rep Boundary Representation Solid Model

CNES Centre National d’ Etudes Spatiales — French Space Agency

ESA European Space Agency

ESTEC ESA - European Space Technology Centre

ISO International Organization for Standardization

0/ Object Oriented

SDAI Standard Data Access Interface (defined in [STEP-22])

SET Sandard d’ Echange et de Transfert (French Standard AFNOR Z68-300)
SET-ATS SET Protocol d’ Application Thermique Spatiale

Sl Systéme International des Unités - International System of Units
STEP Standard for the Exchange of Product Model Data (1SO 10303)
STEP-TAS STEP-based Thermal Analysis for Space

TBD To be defined

URD User Requirements Document

UoF Unit of Functionality
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Clause 4 - I nformation Requirements

4.1

4.1.1

4.1.2

This clause specifies in detail what kind of data needs to be exchanged in the domain of results for
network models. The information requirements are grouped in three subclauses: Units of Functionality,
Application Objects and Application Assertions.

A graphical representation of the information requirements is given in Annex G “Application
Reference Model (Informative)” on page G-1.

Units of Functionality

This subclause specifies the units of functionality for the Network Model Results Format AP. This
protocol specifies the following units of functionality:

1) product_structure UoF

2) network_model_representation UoF
3) bulk_results UoF

4) parameterized_functions UoF

5) physical_quantities and_units UoF
6) date and_time UoF

7) general_support UoF

The units of functionality and a description of the functions that each UoF supports are given below.
The application objects included in the UoFs are defined in subclause 4.2.

product_structure UoF

The product_structure UoF captures the structure of the product being modelled — e.g. the product
assembly tree or afunctional decomposition tree. The definition of this UoF already follows closely the
product structure definition in [STEP-41] and [STEP-44].

NoTE 1 —This Unit of Functionality is defined following as closely as possible the concepts for
product and product structure definition in [STEP-41] and [STEP-44].

WORKING NOTE 1 — This UoF isintended to be shared among the STEP-TAS and NRF protocols.
The following application objects are used by the product_structure UoF:
¢ product
¢ product_context
* product_definition
¢ product_definition_context
¢ product_next_assembly usage relationship
¢ product_version

network _model _representation UoF

The network_model_representation UoF collects the definitions needed for a generic representation
of engineering objects as a hierarchical structure of models containing a network of discrete nodes and
rel ationships between these nodes.

WORKING NOTE 2 — This UoF is intended to be shared among the STEP-TAS and NRF protocals.
The following application objects are used by the network_model_representation UoF:
* mode_represents product_relationship
* modelling_assumption (not used in NRF)
* modedling_assumption_relationship (not used in NRF)
* network_model
* network_model_component
* network_model_constituent
* network _node
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4.1.3

4.1.4

* network_node class

* network _node relationship

* network_node relationship_class
* network_node relationship_usage
* network _node usage

* submodel_usage

bulk _results UoF

The bulk_results UoF collects the application objects needed for the identification and definition of
analysis, test or operation campaigns, cases, phases and runs and the results data they produce. The
results data are characteristic, predicted, assigned, observed and/or derived properties of network
models, of which the values may need to be represented as scalars, vectors or higher order tensors.

The following application objects are used by the bulk_results UoF:
¢ abscissa_sequencing_type

* ato_aspect

¢ ato_campaign

* ato_case

* ato phase

e lifetime_type

¢ list_of descriptive values

¢ list_of functions

* model_component_sequence

* property class

* property class scalar

e property class scalar_descriptive
e property class scalar_functional
* property class scalar_quantitative
* property class tensor

* property class usage

* property_name

* property role

* property_symmetry

* run

* run_sequence

e scalar_in_tensor

e scalar_value

* scan

e scan_derivation_procedure

* scan_mask

¢ scan_of derived_values

¢ scan_of sampled values

* tensor_mask

¢ tensor_mask_member

* tensor_mask_name

* unit_assignment

parameterized_functions UoF

The parameterized_functions UoF contains the application objects needed to store functions of one
or more independent parameters, which are physical quantities. Functions which can be expressed in
tabular or polynomial form or as textual formulae are considered.

4-2
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4.1.5

4.1.6

4.1.7

WORKING NOTE 3 —This UoF isintended to be shared among the STEP-TAS and NRF protocoals.

WORKING NOTE 4 — This UoF is included for extension of the NRF protocols with test design and
definition data.

The following application objects are used by the parameterized_functions UoF:
¢ cyclic_tabular_function

* parameterized_function

e parameterized_function_with_formula

¢ polynomial_function

¢ tabular_function

e tabular_interpolation_type

physical_quantities and_units UoF
The physical_quantities and_units UoF captures the definition and representation of physical
guantities, their dimensions, units and values.

NOTE 2 —The objects defined in this UoF correspond one-to-one with those defined in the
measure_schema of [STEP-41]. Here only copies of the directly used objects are given.

The following application objects are used by the physical_quantities and_units UoF:
¢ All objectsfrom the measure_schema defined in clause 4.14 of [STEP-41].

In particular:

* unit

date and_time UoF

The date_and_time UoF alows representation combinations of calendar date and time of day to be
defined.

NOTE 3—The objects defined in this UoF correspond one-to-one with those defined in the
date_time _schema of [STEP-41]. Here only copies of the directly used objects are given.

NOTE 4 — The [sTEP-41] ordinal_date, day of week and week _of_year objects are out of scope.
The following application objects are used by the date_and_time UoF:
¢ calendar_date
e coordinated_universal_time offset
e date
¢ date and_time
* Jocal_time
The objectsin this UoF are taken as much as possible literally from [STEP-41].

general_support UoF

The general_support UoF contains application objects that are used to support the use of the principal
application objects listed in the other Units of Functionality in this subclause.

The following application objects are used by the general_support UoF:
* address

e approval

¢ document

e document_type

¢ document_usage constraint
* organization

* organizational_address

¢ organizational_project

* person

* person_and_organization

¢ personal_address

¢ security classification_level
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The objectsin this UoF are taken as much as possible literally from [STEP-41] and [STEP-203].

4.2 Application objects
4.2.1 abscissa_sequencing_type

An abscissa_sequencing_type is an enumeration that indicates how the abscissa value of scans

progresses over the list of scanswithin an ato_aspect. It indicates one of the following:

e strictly_decreasing, indicating that the abscissa values are strictly decreasing, meaning that
the abscissa value of a scan is aways smaller than the previous one from the scans list of an
ato_aspect.

* nonot oni c_decr easi ng, indicating that the abscissa values are monotonic decreasing, meaning
that the abscissa_value of ascan isaways smaller than or equal to the previous one from the scans
list of an ato_aspect.

* nonot oni c_i ncr easi ng, indicating that the abscissa values are monotonic increasing, meaning
that the abscissa_value of a scan is aways larger than or equal to the previous one from the scans
list of an ato_aspect.

e strictly_increasing, indicating that the abscissa values are strictly increasing, meaning that
the abscissa_value of a scan is always larger than the previous one from the scans list of an
ato_aspect.

4.2.2 address

An address is the place where people and organizations are located and/or where they can be

contacted. An address may be associated with per sons or or ganizations through personal_address or

organizational _address.

Attributes:

e internal_location: OPTIONAL label string, specifying an organization-defined address for internal
mail delivery

¢ street number: OPTIONAL label string, specifying the number of abuilding in a street

¢ gstreet: OPTIONAL label string, specifying the name of a street

¢ postal_box: OPTIONAL label string, specifying the number of a postal box

¢ town: OPTIONAL label string, specifying the name of atown

* region: OPTIONAL label string, specifying the name of aregion

* postal_code: OPTIONAL label string, specifying the code that is used by the country's postal
service

¢ country: OPTIONAL label string, specifying the name of a country

e facsimile_number: OPTIONAL label string, specifying the number at which facsimiles may be
received

¢ telephone_number: OPTIONAL label string, specifying the number at which telephone calls may
be received

¢ ¢dectronic mail_address:. OPTIONAL label string, specifying the electronic address at which
electronic mail may be received

¢ telex number: OPTIONAL label string, specifying the number at which telex messages may be
received

Assertions:

* At least one of the attributes shall be specified

4.2.3 approval

An approval is an identified confirmation of the quality of the exchange data to which the approval

pertains.

Attributes:

* level: label string, specifying the level of approval. The actual contents of level is organization
dependent.

4-4 NRF-002-AP Release 1.4 (15 November 1996)



4.2 Application objects

4.2.4

4.2.5

ExAMPLE 1 — Examples of level are: ‘created’, 'rel eased for infornation only', 'checked',
‘aut hori zed' and 'agreed by PA officer'.

¢ date time: reference to a date and_time, specifying the date and time when the approval was
made

* by person_organization: reference to aperson_and_organization, who made the approval

ato_aspect

An ato_aspect captures the property values of a single property_class, obtained for a specific
sequence of network_model_components.

Attributes:

* name: label string containing the word or words by which the ato_aspect isreferred to
ExamPLE 2 —A namefor an ato_aspect can be 'char gi ng node of the batteries'
ExAMPLE 3 —A namefor an ato_aspect can be't enperature of the thernocoupl es'

e for_property class. a reference to the property class usage for which this ato_aspect expresses
the values of the property_classreferred to by the property class usage

¢ lifetime: alifetime_type, indicating what the lifetimeis for the scans of thisato_aspect

e component_sequence: a reference to a model_component_sequence, that specifies for which
networ k_model_components and in what order the values for for_property_class are recorded in
the scans

NOTE 5—A mode_component_sequence may reference asingle network_model. Thisallowsthe
ato_aspect to record the value of a property class for an entire model — e.g. the reference
temperature of the interior of an equipment during a run [Dynaworks].

¢ gscans: alist of one or more scans that specify the sampled or derived values for for_property class
for the network_model_components of component_sequence.

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_aspect.

Assertions:

* The order of the elements of scans shall be consistent with the abscissa sequencing of
for_property_class.case when it is specified. If thistypeis specified then scans shall not contain any
scan_of derived_values or shall not contain more than one element.

ato_campaign
Anato_campaign isacollection of analysis, test or operation ato_cases, performed or to be performed
in order to achieve an objective in the context of the development or operation of a product.

NOTE 6 —“ato” stands for “analysis, test or operation”

NOTE 7 —An ato_campaign is often an activity within the scope of a particular project.

NOTE 8 —An ato_campaign typically pertainsto one (major) product variant.

Attributes:

¢ of project: reference to an organizational _project to which thisato_campaign belongs

* name: label string, specifying the name of the ato_campaign

¢ description: text that describes the ato_campaign

¢ creation_date and time: reference to the date_and_time when the ato_campaign was created

* Jast modification _date and time: OPTIONAL referenceto adate and_time, specifying the latest
date and time when the ato_campaign or its associated data were modified

e contact_person_organisation: areference to a person_and_organization, who acts as a contact on
the subject of definition and execution of the ato_campaign

e approvals: aset of zero or more references to approval

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_campaign. By default, the
security_classisindeterminate.

NRF-002-AP Release 1.4 (November 1996) 4-5




STEP-NRF — Network-model Results Format Clause 4 - Information Requirements

e application_interpreted_model_schema_name: name of the AIM EXPRESS SCHEMA of the AP that
was used to create the exchange dataset.

¢ application_protocol_year: year number denoting the year of formal publication of the version of
the AP used for the creation of the exchange dataset.

Assertions:
* The combination of of_project and name shall be unique within an exchange dataset

4.2.6 ato_case

An ato_case is a definition of a combination of scenario, initial and/or boundary conditions and a

network_model for the purpose of analysis, test or operation of the product in an ato_campaign. An

ato_case may be decomposed into a sequence of one or more ato_phases (see subclause 4.2.7 on

page 4-7).

NOTE 9 —“ato” stands for “analysis, test or operation”

Attributes:

¢ of _campaign: reference to the ato_campaign to which thisato_case belongs

* id: identifier string for the ato_case

* name: label string which relates the essence of the ato_case

¢ description: text that describesthe ato_case

¢ phases. a set of zero or more references to the phases that constitute the ato_case. This is an
INVERSE attribute.

* root_model: reference to the network_model that is the top level supermodel of the model/
submodel tree for the ato_case

¢ abscissa class: reference to a property_class usage, that specifies the property along which the
progression of the (analysis, test or operation) case, phase and run are expressed.

EXAMPLE 4 —ti ne is typically the abscissa class for an analysis ato_case in which the dynamic
behaviour of aproduct is predicted.

ExXAMPLE 5 —wavel engt h could be the abscissa class for a test ato_case in which the emission
spectrum of alight source is measured.

EXAMPLE 6 —nunber of cycl es could bethe abscissa_class for amaterial fatigue test ato_case

ExAMPLE 7 —frequency could be the abscissa _class for a frequency sweep in a vibration test
ato_case

¢ abscissa sequencing : an OPTIONAL abscissa_sequencing_type, optionally indicating how the
abscissa_value of scans progresses over the list of scanswithin an ato_aspect.

If no abscissa_sequencing is specified, the abscissa_values can progress in any order over the list
of scanswithin an ato_aspect.

* unit_assignments: a set of one or more unit_assignments, defining in which units the values are
expressed for all property classes associated with the ato_case. This attribute is an INVERSE
attribute.

¢ predefined_aspects: aset of zero or more ato_aspects referencing scans with property values which
are specified before the execution of the ato_case. The predefined aspects are applicable to all the
phases of the ato_case.

NoTE 10 — The predefined_aspects will be typically used to store the following kind of data:

- cdibration curves

- assigned parameter settings, such as thermostat switching temperatures, environmental
parameter values and alarm levels

- predicted upper and lower profiles for certain properties

e security_class. an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_case. By default, the security classis
the same as the security class of of_campaign. When present, it overrides the security class of
of _campaign.
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4.2.7

4.2.8

4.2.9

Assertions:
* The combination of of campaign and id shall be unique within the exchange dataset

e abscissa classproperty shal refer to a property class scalar_quantitative or a
property_class scalar_descriptive

Examples:

ExAMPLE 8 —An example of an ato_case is an analysis case with the name 'sunmer sol sti ce
eclipse and recovery in lowearth orbit'

ExampPLE 9 —Another example of an ato_case is a test case with the name 'Launch vi brat i ons
for Ariane 5 spectrun.

ato_phase

An ato_phaseisthe next lower decomposition of an analysis, test or operation case (an ato_case). The
start and end of an ato_phase are marked by predefined events at which (some) parameter settings
change. All ato_phases pertaining to one ato_case use the same network_model and associated
model/submodel tree, which is specified by the root_model of the ato_case.

NOTE 11 —“ato” stands for “analysis, test or operation”

Attributes:

e of case theato_casethat this object specifies a phase of.

* id: identifier string

* name: label string which relates the essence of the ato_phase
* description: text that relates the nature of the ato_phase

¢ predefined_aspects: aset of zero or more ato_aspects referencing scans with property values which
are specified before the execution of the ato_phase. The predefined aspects may override
predefined aspects of the parent ato_case.

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the ato_phase. By default, the security classis
the same as the security class of the parent ato_case. When present, it overrides the security class of
the parent ato_case.

Assertions:
¢ Theid of an ato_phase shall be unique within of _case.

Notes:

NOTE 12 —If the ato_phases of an ato_case should be executed in a particular order, this order
shall be determined from the alphanumeric sorting order of the ids of the ato_phases.

Examples:

ExXAMPLE 10 —An ato_case 'sunmer sol stice eclipse and recovery in low earth orbit’
is decomposed into the ato_phases'initial steady state','eclipse'and'recovery'.

calendar_date

NOTE 13 — The definition of calendar _date istaken directly from [STEP-41].
A calendar_dateisatype of date which isidentified by aday in amonth of ayear.

Assertions (in addition to those of date):
¢ day_component: the number of the day in the month
¢ month_component: the number of the month in the year

Assertions (in addition to those of date):
* None

coordinated_universal_time_offset
NOTE 14 — The definition of coordinated_universal_time_offset is taken directly from [STEP-41].
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A coordinated_universal_time offset is used to relate a time to coordinated universal time by an
offset (specified in hours and minutes) and a direction.

Attributes:

* hour_offset: number of hours by which atime is offset from coordinated universal time

e minute_offset: OPTIONAL number of minutes by which atimeis offset from coordinated universal
time

¢ sense: direction of the offset, one item of {ahead, behi nd}

Assertions:
* None
4.2.10 cyclic_tabular_function
A cyclic_tabular_function is a type of tabular_function, which specifies that a tabular function of
onevariableis periodic.
Attributes (in addition to those of tabular_function):
* period: scalar_value, specifying the period of the function
Assertions (in addition to those of tabular_function):
* There shall be only one property _class scalar in the parameter_properties, i.e. it is a function of
onevariable
* Theperiod is expressed in the unit of the first element of parameter_properties
4211 date
NOTE 15 — The definition of date istaken directly from [STEP-41].
A date istheidentification of aday or week in ayear.
The date can be either acalender_date, an ordinal_date or aweek_of year _and_day date.
Attributes:
* year_component: the year number in which the date occurs
Assertions:
* Inthisprotocol only the calender_date specialization shall be valid
NOTE 16 — The definitions of ordinal_date or aweek_of year and_day dateare not givenin this
document.
4.2.12 date and_time
NOTE 17 — The definition of date_and_time istaken directly from [STEP-41].
A date_and_timeisamoment of time on a particular day.
Attributes:
e date_component: reference to adate
¢ time_component: reference to alocal_time
Assertions:
* None
4.2.13 document
NOTE 18 — The definition of document is taken directly from [STEP-41].
A document is an unambiguous reference to aformal standard or document that is defined outside this
protocol.
Attributes:
* id: identifier string
* name: label string
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4.2.14

4.2.15

4.2.16

4.2.17

¢ description: text, giving a summary description of the document
¢ kind: reference to adocument_type

Assertions:
* Theid shal be unique in the exchange dataset

document_type
NOTE 19 — The definition of document_type is based on the [STEP-41] equivalent.

A document_typeisaclassification of the sort of datathat is described by adocument isbeing used to
describe in a particular application context.

Attributes:
* name: label string, specifying the name of the classification

Assertions:
* None

document_usage_constraint
NOTE 20 — The definition of document_usage constraint is taken directly from [STEP-41].

A document_usage constraint identifies a specific subject area or aspect within a document and
gives the relevant information or text which applies. The semantics of the reference can be found in the
document itself.

Attributes:

¢ source: reference to adocument

* subject_element: label string, specifying the name of one element of the source
¢ subject_element_value: text, specifying the contents of the subject_element

Examples:

ExampPLE 11—-A  subject element could be 'cleanliness requirenents' with a
subject_element_valueof '2 through 11, 13, 16, 17, 42 through 73

ExAMPLE 12 — A subject_element could be 'Sect i on' with asubject_element_value of '4. 2. 5'.

lifetime_type

A lifetime_typeisan indication of what the lifetimeis for the scans of an ato_aspect.
Thelifetime_type can be one of the following:

* invariant: indicates that the values apply to the whole duration of the run

* sanpl e: indicates that the values are only valid at the scan_abscissa of the scan

* interval: indicates that the values are valid from the scan_abscissa of the current scan until the
scan_abscissa of the next scan.

There are no attributes nor assertions.

list_of descriptive values

A list_of descriptive valuesis anamed list of character strings containing the string values allowed
for aproperty class scalar_descriptive.

When the for_property class of an ato_aspect is a property_class scalar_descriptive, then the
values for such a property are stored in the values of the scans of the ato_aspect as an index indicating
the position of the entry in the entries of the list_of _descriptive_values.

A list_of_descriptive values may contain predefined values which are known at the time when an
ato_case and/or ato_phase is being defined as well as string values that are produced during the
execution of arun.

Attributes:

e applicable for: reference to a set of one or more property class usages to which this
list_of_descriptive values applies
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* name label string
* entries: alist of one or more character strings
ExampPLE 13—The list_of_descriptive values for a property class scalar_descriptive
'‘Battery charge node' can contain the predefined charge modes for batteries: 'of f',
'di scharge', 'charge'and'tri ckl e charge'.
ExAMPLE 14 —A list_of_descriptive_values with the name 'l ogbook' can contain logbook entries
which are entered during the progression of atest run.
ExAMPLE 15—A list_of descriptive values with the name 'di agnosti ¢ nessages' can contain
error and status messages generated by an analysis tool during a calculation run.
ExampPLE 16 —A list_of_descriptive valueswith the name't el enet ry' can contain telemetry data
strings.

Assertions;

e the attribute property of the eements of applicable for shal refer to a
property class scalar_descriptive

4.2.18 list_of functions
A list_of functions is a named list of function references pointing to the functions for a
property class scalar_functional.
When the for_property _class of an ato_aspect isaproperty_class scalar_functional, then the values
for such a property are stored in the values of the scans of the ato_aspect as an index indicating the
position of the function reference in the entries of thelist_of _functions.
A list_of_functions may contain references to predefined functions which are known at the time when
an ato_case and/or ato_phaseis being defined as well as references to functions that are created during
the execution of arun.
Attributes:
e applicable for: reference to a set of one or more property class usages to which this
list_of_functions applies
* name: label
e entries: alist of one or more referencesto parameterized_functions
ExampLE 17 —The list_of functions for a property class scalar_descriptive with the name
'Cal i bration Curves' can contain the references to parameterized_functions that represent
calibration curves.
Assertions:
e the atribute property of the eements of applicable for shal refer to a
property class scalar_functional
4.2.19 local _time
NOTE 21 — The definition of local_time istaken directly from [STEP-41].
A local_time is a moment of occurrence measured by hour, minutes and second. It represents one
instant of time on a 24 hour clock.
It includes the offset to coordinated universal time for the applicable time zone.
Attributes:
¢ hour_component: the hour in day humber
* minute_component: the minute in hour number
¢ second_component: the second in minute number
* zone: areferenceto acoordinated universal_time offset
Assertions:
* None
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4.2.20

4.2.21

4.2.22

model _component_sequence
A model_component_sequence is anamed, ordered collection of network_model_components.

A model_component_sequence is referenced by one or more ato_aspects to define for which
network_model_components the ato aspect contains scans for a particular property (the
ato_aspect’s for_property class) and in what order the values for the property are recorded in the
scans.

Several types of network_model_components may be present in one model_component_sequence.

Attributes:

¢ root_model: reference to a network_model that is the highest level supermodel in the model/
submodel tree for which thismodel_component_sequenceis specified. Thisinformation is derived
from the definition the elements of components.

* id: identifier string

* name: label string
ExAMPLE 18 — A model_component_sequence could be named 'ext er nal sur f aces'.
ExAMPLE 19 — A model_component_sequence could be named 't her mi st or-1i st'.

¢ components: alist of one or more unique networ k_model_components

Assertions:
* The combination root_model and id shall be unique in the exchange dataset
¢ All components shall belong to the root_model and its submodel tree

model_represents product_relationship

A mode_represents product_relationship is a relationship between a network_model or a
network_model_constituent and a product_definition, which indentifies the product (or part of a
product) that is represented by the model constituent.

Attributes:
* model_constituent: reference to anetwork_model or to anetwork_model_constituent
* represented_product: reference to a product_definition

Assertions:
* None

network _model
A network_model is arepresentation, in the form of a network topology, of a product and possibly its
environment during analysis, test or operation activities.

The purpose of the network_model is to make available a hierarchical decomposition into identified
discrete items, in such away that:

¢ characteristic properties—e.g. materia properties

¢ predicted properties— e.g. analysis results

¢ assigned properties— e.g. settings for test parameters

¢ observed properties— e.g. sensor readings obtained in atest or in operation

¢ derived properties - e.g. results from statistical operations on sensor readings
can be associated with these items.

NOTE 22 —Many kinds of (numerical) mathematical analysis models can be represented by a
network of nodes and the relationships between them: e.g. Lumped Parameter Models,
Radiative Surface Models, Finite Element Models, Finite Difference Models and Computational
Flow Dynamics Models.

NOTE 23 —Also products under test or in operation can often be represented by a network of nodes
and their relationships. Here the nodes would represent the sensors and detectors attached to
parts of the product and its environment. The readings for such sensors or detectors would
congtitute observed (measured) properties, possibly after necessary conversion and/or
calibration.
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Attributes:

* id: identifier string

e version id: identifier string

* name: label string

¢ description: text giving a description of the purpose and the characteristics of the model

e security class: OPTIONAL reference to a security classification_level, denoting the security
classlevel for this network_model. By default, the security classisindeterminate.

¢ congtituents: set of one or more referencesto network_model_constituents

Assertions:
* The combination id and version _id shall be unique within the exchange dataset.

4.2.23 network_model_component
A network_model_component is an object which provides a generic referencing mechanism for all
components of anetwork_maodel. A network_model_component is one of the following:
¢ network_model
* network_node
¢ network_node relationship
¢ submodel_usage
* network_node usage
* network_node relationship_usage
There are no attributes, associations nor assertions.
4.2.24 network _model _constituent
A network_model_constituent is an object which provides a generic referencing mechanism for all
directly constituent parts of a network_model. A network_model_constituent is one of the
following:
* network _node
* network _node relationship
* submodel_usage
There are no attributes, associations nor assertions.
4.2.25 network _node
A network_node is a generic, atomic item of discretisation in anetwork_model. A network_nodeis
alocation in the network topology of a network_model which is used to represent a physical object or
parts thereof. A network_node serves as an item at which aproperty_class can be evaluated.
ExAMPLE 20 — A network_node can be anode in athermal lumped parameter model.
ExAMPLE 21 — A networ k_node can be anode in afinite element model.
ExAMPLE 22 — A networ k_node can be a thermocouple or thermistor on atest article.
ExAMPLE 23 — A network_node can be a strain gauge.
Attributes:
* id: identifier string
¢ name: OPTIONAL label string
¢ class: list of one or more network_node_classes, indicating the classes and possibly the subclasses
to which the network_node belongs. The members in this list are ordered such that the every
succeeding member denotes a more specific classification of the preceeding member — the first
member of list denotes the most generic, primary classification.
ExAMPLE 24 — The classes of athermal lumped parameter node could be:
{'l unped_par aret er _node', 't her mal '}.
ExAMPLE 25 — The classes of athermocouple could be:
{'sensor’, 't her mocoupl €', 'copper _const ant an'}.
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4.2.26

4.2.27

NOTE 24 —When the classes are presented to the user, it may be useful to present the classes in
order of decreasing specialization. The most specific classes will be most significant to the user,
because the user will probably be well aware of the most generic classes in the problem domain.

e security class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the network _node. By default, the security
class is the same as the security class of the parent network_model. If present, it overrides the
security class of the parent network_model.

Assertions:
* Theid shall be unique within the network_model by which the network_node is referenced

network_node _class

A network_node _classis a specification of a class of network_nodes, i.e. anamed category of nodes
which share common characteristics and behaviour.

Attributes:
* name: label string, specifying the name of the class
When applicable, the following name shall be used for for the primary class of a network_node:
- thernal _| unped_par anet er _node
- finite_el enent _node
- sensor
When applicable, the following name shall be used for secondary network_node_classes:
- thernistor
- thernocoupl e
- strain_gauge

Assertions:
* The name shall be unique in the exchange dataset

network_node_relationship

A network_node _relationship is a representation of a physical relationship between two or more
network_nodes in the network topology of a network_model. It serves as an item for which a
property_class can be evaluated.

ExAMPLE 26 — Examples of such relationships are: the thermal radiative exchange factors between
two thermal-radiative faces; the linear conductors, radiative couplings and mass flow links
between two thermal lumped parameter nodes; a finite element as a relationship between its
vertex nodes.

Attributes:
* id: identifier string
* name: an OPTIONAL label string
¢ class: list of one or more network_node relationship_classes, indicating the classes and possibly
the subclasses to which the network _node relationship belongs. The members in this list are
ordered such that the every succeeding member denotes a more specific classification of the
preceeding member — the first member of list denotes the most generic, primary classification.
ExaMmPLE 27 — The classes of athermal radiative coupling could be:
{'thermal _radi ati ve_coupl ing'}.
ExAMPLE 28 — The classes of alinear 3D tetrahedron finite element could be:
{'finite_el enent', 'vol une_3d_t etrahedron_| i near'}.
NOTE 25 —When the classes are presented to the user, it may be preferred to present the classesin
order of decreasing specialization. The most specific classes will be most significant to the user,
because the user will probably be well aware of the most generic classesin the problem domain.

NRF-002-AP Release 1.4 (November 1996) 4-13



STEP-NRF — Network-model Results Format

Clause 4 - Information Requirements

4.2.28

security_class: an OPTIONAL reference to a security_classification_level, which specifies the
security class for access to the data associated with the network_node_relationship. By defaullt,
the security class is the same as the security class of the parent network_model. If present, it
overrides the security class of the parent network_model.

nodes: list of two or more referencesto network _node or network_node_usage

NOTE 26 —When the represented relationship is directional, the positive direction shall be from a
network_node in the nodes list with alower index to one with a higher index.

NOTE 27 —A relationship for a node with itself — e.g. an extended viewfactor or a radiative
exchange factor for athermal-radiative face — is possible by referencing the same node twice.
NoOTE 28 — If an element from the nodes list is a reference to a network_node _usage then the
network_node relationship specifies the existence of an inter-model relationship between two
or more nodes, from which at least one node belongs to a submodel of the model for which the
network_node relationship is specified. This mechanism enables the specification of
relationships that exist only in the context of a supermodel.

ExampPLE 29 — An example of such an inter-model relationship is the representation of a thermal-
radiative coupling between two units that are both modelled as submodels. Such a coupling
would reference thermal interface nodes of the models for each unit.

Assertions;

The id shall be unique within the network_model for which the network _node relationship is
specified

If an element from the nodes list is a reference to a network_node then it shall be areferenceto a
network_node which belongs to the network_model for which the network_node_relationship
is specified

If an element from the nodes list is a reference to a network_node_usage then the used _submodel
of the network_node_usage shall belong to model/submodel tree of the network_model for which
the network_node_relationship is specified, i.e. a network_node _relationship can not reference
network_nodes which belong to a supermodel of the network_model for which the
networ k_node_relationship is specified.

network_node_relationship_class

A network_node_relationship_classis a specification of a class of network_node_relationships, i.e.
anamed category of node relationships which share common characteristics and behaviour.

Attributes:

name: label string, specifying the name of the class

When applicable, the following name shal be used for the primary class of a
network_node_relationship:

- electrical _conductor

- finite_el enent

- geonetric_vi ewf act or

- radiative_exchange_factor

- thernal _radiative_coupling

- thernal _conductor

- mass_flow link

When applicable, the following name (derived from the element topologies in the [STEP-104]
structural_response representation_schema) shall be wused for the class of a
network _node relationship which belongs to the primary network _node relationship_class
withthename'finite el enent':

- curve_3d_li near

- surface_2d_|inear

- curve_3d_quadratic

- surface_2d_quadratic

- curve_3d cubic
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4.2.29

4.2.30

4.2.31

- surface_2d_cubic

- surface 3d_triangle_linear

- volune_2d_triangl e_|inear

- surface_3d_triangl e quadratic

- volune_2d_triangl e_quadratic

- surface_3d_triangle_cubic

- volune_2d_triangl e_cubic

- surface_3d_quadrilateral _linear
- volune_2d_quadril ateral _I i near
- surface _3d_quadrilateral quadratic
- vol une_2d_quadril ateral _quadratic
- surface_3d_quadril ateral _cubic
- volune_2d_quadril ateral _cubic

- vol une_3d_hexahedron_| i near

- vol une_3d_hexahedron_quadratic
- vol une_3d_hexahedr on_cubi ¢

- vol une_3d_wedge_l i near

- vol une_3d_wedge_l i near

- vol une_3d_wedge_quadratic

- volune_3d_tetrahedron_linear

- volune_3d_tetrahedron_linear

- volune_3d_tetrahedron_quadratic
- volune_3d_pyram d_l i near

- volune_3d_pyramd_l i near

- volune_3d_pyramd _quadratic

Assertions:
* The name shall be unique in the exchange dataset

network_node relationship_usage

A network_node relationship_usage is a specification of a reference to a
network_node relationship in a particular submodel_usage. Its purpose is to enable the referencing
inamodel_component_sequence of anetwork _node relationship used in a particular submodel.

Attributes:
¢ used_submodel: reference to asubmodel _usage
¢ relationship: reference to anetwork _node relationship

Assertions:
* Therelationship shall belong to the submodel of the used submodel

network _node usage

A network_node usage is a specification of a reference to a network_node in a particular
submodel_usage. Its purpose is to enable the referencing in a model_component_sequence of a
networ k_node used in a particular submodel.

Attributes:
¢ used_submodel: reference to a submodel_usage
* node: reference to anetwork_node

Assertions:
* The node shall belong to the submodel of the used_submodel

organization
NOTE 29 — The definition for organization is taken directly from [STEP-41].
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An organization is an administrative structure.

Attributes:

¢ id: OPTIONAL identifier string, by which the organization’sindividuality may be deduced.
* name: label string, by which the organization is named

¢ description: text, describing the nature of the organization

Assertions:
¢ |f specified, theid shall be unique in the exchange dataset.

4.2.32 organizational_address
NoTE 30 — The definition for organizational_addressis taken directly from [STEP-41].

An organizational_address is a type of address where organizations are located and/or can be
contacted.

Attributes:
* organizations: set of references to one or more or ganizations
¢ description: text that relates the nature of the organizational_address

Assertions:
* None

4.2.33 organizational _project
NoOTE 31 — The definition for organizational _project istaken directly from [STEP-41].
An organizational_project isa project for which one or more or ganizations are responsible.

Attributes:

* name: label string, specifying the name of the project

¢ description: text, that relates the nature of the project

* responsible organizations: set of references to one or more or ganizations

Assertions:
* None

4.2.34 parameterized_function
A parameterized_function is an abstract object and captures in a generic way a function of one or
more parameters, which are physical quantities.
A parameterized_function can be one of the following:
e parameterized_function_with_formula
¢ polynomial_function
¢ tabular_function

Attributes:

* name: label string, specifying the name of the function

¢ description: text, describing use and validity of the function

e parameter_properties: list of zero or more references to property_class scalar_quantitative that
define the properties of the function (input) parameters.

* result_property: reference to the property_class scalar_quantitative, that defines the property of
the result of the function

¢ source: OPTIONAL reference to adocument_usage constraint, which specifies the source of the
function definition

¢ definition_timestamp: OPTIONAL reference to a date_and_time, specifying the date and time
when the function was defined
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4.2.35

4.2.36

4.2.37

4.2.38

Assertions;
* None

parameterized_function_with_formula

A parameterized_function_with_formula is a type of parameterized_function in which the
function is described by a character string representing aformula.

Attributes (in addition to those of parameterized_function):
¢ formula: text, containing the formulathat describes the function

NOTE 32 —The format of the formula is proprietary to the preprocessor (associated with the
creator_tool_or_facility) that created it. In general the formula serves as “for information only”
data and only specifically adapted postprocessors will be able to interprete it on reception.

¢ language: OPTIONAL label string, denoting the language in which the formulais expressed
ExampLE 30 —An example of language could be' Dynawor ks'

e creator_tool_or_facility: OPTIONAL label string, dencting the tool or facility that created the
formula

ExampLE 31 —An example of creator_tool_or_facility could be 'Dynawor ks 3. 1'

Assertions (in addition to those of parameterized_function):
* None

person
NOTE 33 — The definition for person is taken directly from [STEP-41].
A person isan individual human being.

Attributes:

* id: identifier string, by which the per son may be identified

¢ Jast name: OPTIONAL label string

¢ first_name: OPTIONAL label string

¢ middle_names: OPTIONAL list of one or more label strings
¢ prefix_titles: OPTIONAL list of one or more label strings

¢ auffix_titles: OPTIONAL list of one or more label strings

Assertions:
* Theid shal be unique in the exchange dataset.
¢ At least onefrom last_name and first_name shall be specified.

person_and_organization
NOTE 34 — The definition for person_and_or ganization is taken directly from [STEP-41].
A person_and_organization is aperson in an organization.

Attributes:
* the person: reference to a person
¢ the organization: reference to an organization

Assertions:
* None

personal_address
NOTE 35 — The definition for personal_address istaken directly from [STEP-41].
A personal_addressisatype of address where people reside and/or can be contacted.

Attributes:
* people: set of references to one or more persons
¢ description: text that relates the nature of the personal_address
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Assertions:
* None
4.2.39 polynomial_function
A polynomial_function is atype of parameterized_function that implements the function definition
in the form of a polynomial function of one, two or three variables, with a maximum degree of ten.
The bases to be used for the definition of the polynomial function are given below:
Base for a polynomial with one parameter X :
(1, Xq, X%, X3, x4, %3, ...) (eq.4-1)
Base for a polynomial with two parametersX,, X,:
(1, Xq, X9, X2, X; Xo, X3, X3, XEXo, X1 X5, X3, ...) (eq.4-2)
Base for a polynomial with three parametersX, Xy, X3:
(1, Xq, Xo1 Xg, X2, X1 Xp, X1 X3, X3, XpXg, X3, (€9.4-3)
3 y2 2 2 2 w3 y2 2 w3
X3, XTXoy X§X3, X1 X5, X1 XoX3, X X5, X3, X5X3, X,X5, X3, ...)
Attributes (in addition to those of parameterized_function):
* degree: positive integer defining the degree of the polynomial
¢ coefficients: list of real values, which specify al coefficients, ordered as in the base equations above
¢ |ower_domain_bounds: list of three OPTIONAL real values, that specify the lower limits of the
domain for which the function is valid, for each of the function parameters (specified by
parameter_properties of parameterized_function)
¢ upper_domain_bounds: list of three OPTIONAL real values, that specify the lower limits of the
domain for which the function is valid, for each of the function parameters (specified by
parameter _properties of parameterized_function)
Assertions (in addition to those of parameterized_function):
* The number of parameter_properties of the parameterized_function shall be no morethan 3—i.e.
afunction of at most 3 variables
* Thedegree shal bein the range from 1 to 10
* The coefficients are expressed in units consistent with the actual unit_assignments for the
parameter_properties and the result_property of the polynomial_function
Notes:
NOTE 36 — The lower and upper bounds are included in the domain of validity of the parameters.
NoTE 37 —When not defined, alower bound equals: —infinity.
NoTE 38 —When not defined, an upper bound equals: +infinity.
4.2.40 product
A product is an identification and textual description of a physically realisable object that is produced
by anatural or artificial process.
Attributes:
* id: identifier string
* name: label string containing the word or group of words by which the product isreferred to.
* description: text that relates the nature of the product.
* frame_of_reference: one or more referencesto a product_context.
Assertions:
* Theid shall be unique in the exchange dataset.
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4.2.41

4.2.42

4.2.43

4.2.44

Examples:
EXAMPLE 32 —An example of anid is a part number.

product_context

A product_context collects information on the engineering or manufacturing perspective in which the
product data are defined. This context may affect the meaning and usage of the product data.

Attributes:
* name: label string containing the name of the context in which the product data exists.
¢ discipline_type: label string which identifies the discipline to which the product data bel ong.

Assertions:

* For STEP-NRF exchange datasets the discipline_type shall be 'definition and execution of
anal ysis' or'test and operations using network nodel s'.

product_definition

A product_definition is an identification of a characterisation of a product in a particular application
context.

Attributes:

* id: identifier string

* description: text that relates the nature of the product.

¢ frame of reference: referenceto aproduct_definition_context.

Assertions:
¢ Theid shal be uniquein the frame_of reference.

Notes:

NOTE 39 —A product’s physical design may be one product_definition while the functional
design of the same product may be a different product_definition.

product_definition_context

A product_definition_context collects information on the stage in the product life cycle to which the
product data belongs. This context may affect the meaning and usage of the product data.

Attributes:
* name: label string containing the name of the context in which the product data exists.
¢ life_cycle stage: label string which identifies the life cycle stage to which the product data belong.

Examples:

ExampLE 33 —Typical values for life_cycle stage are: 'conceptual design', 'prelimnary
desi gn', 'det ai | ed desi gn'.

product_next_assembly usage relationship

A product_next_assembly usage relationship is an identified association between two
product_definitions. It specifies that one product_definition is the next level higher assembly which
uses the other product_definition as a constituent. This relationship is used to specify an assembly
tree, which is also often called product tree or manufacturing tree.

Attributes:

* id: identifier

¢ assembly: reference to a product_definition

¢ congtituent: reference to aproduct_definition

Assertions:
¢ The combination id and assembly shall be unique in the exchange dataset.
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4.2.45

4.2.46

4.2.47

* The relationship shall form an acyclic graph, i.e. no circular references to product_definition
instances are allowed

product_version

A product_version is an identified grouping of product_definitions, that together define the version
of aproduct. A version differs from other versions of a product in some significant way. However, the
difference isinsufficient to regard the version as a different product.

NOTE 40 — The rules for differentiating between the case in which the changes to a product are
great enough to justify the definition of a new product and the case in which the changes only
require the definition of a new version of a product are enterprise specific. Such rules are not
specified in the scope of this protocol.

Attributes:

¢ of product: reference to a product

* id: identifier string

* description: textual description of the product version

* definitions: references to one or more product_definitions

Assertions:
* The combination of_product and id shall be unique in the exchange dataset.

Notes:
WORKING NOTE 5 — The current definition in [STEP-41] for product_definition allows referencing
only one version of the product (product_definition_for mation).

Examples:
ExAMPLE 34 — The version identifier 'v3. 11' for a part is an example of anid.

property_class

A property classisan abstract object which enables a generic and efficient way for the referencing of
a scalar or tensor of characteristic, predicted, assigned, observed or derived property class definition.
Property classes can optionally denote arole. The values of the property can be quantitative, descriptive
or afunctional.

A property_class can beaproperty_class scalar or aproperty_class tensor.

WORKING NOTE 6 — It would be very well possible to extend the protocol to handle properties that
cannot be expressed as a simple value. This would require the definition of an additional
speciaization of property class scalar (e.g. a property class scalar_contained), which
would have the following attributes:

— MIME_type

— MIME_subtype

—encoding (such as oct et , uuencoded, base64, bi nhex- 4)

— container (for documents stored inline)

—url (Uniform Resource Locator for externally stored documents)

However, a more detailed definition of these objects is outside the scope of the current version
of the protocol.

property class scalar

A property_class scalar is a property _class for a scalar property, which can be an element in a
property class tensor. It can be a property class scalar_descriptive,
property class scalar_functional or property class scalar_quantitative.

Attributes:

* name: reference to a property_name that specifies the kind of quantity deat with by the
property_class scalar

¢ symmetry: OPTIONAL referenceto property_symmetry
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4.2.48

4.2.49

4.2.50

property class scalar_descriptive
A property class scalar_descriptive is a type of property class scalar for which the value is
expressed as a string selected from alist_of_descriptive_values.

Attributes (in addition to those of property_class scalar):
¢ value container: a set of one or more list_of descriptive valuess that contains the actually
possible string values. This attribute is a DERIVE attribute.

Assertions (in addition to those of property class scalar):
* none

Examples:

EXAMPLE 35—"battery charge node' could be the name of a
property class scalar_descriptive, which uses a list_of _descriptive values containing the
predefined charge modes for batteries: 'of f ', 'di schar ge', 'charge' and 't ri ckl e char ge'.

EXAMPLE 36 — 'Ther nal _Bal ance_Test _Logbook' could be the name of a
property class scalar_descriptive, which uses a list_of descriptive values containing the
logbook entries made during the progression of arun. The values for such a property (recorded
inthe scans of an ato_aspect) would typically be associated with the whole model for which the
test is executed — i.e. an ato_aspect with a component_sequence containing only one
component: the root network_model.

property class scalar_functional

A property _class scalar_functional is a type of property class scalar for which the value is a
reference to afunction.

Attributes (in addition to those of property class scalar):

¢ function_container: a set of one or more list_of_functionss that contains the references to the
actual functions, which are possible for the property _class scalar_functional . Thisattributeis an
DERIVE attribute.

Assertions (in addition to those of property_class scalar):
* none

Examples:

ExaMPLE 37 —A property_class scalar_functional with the name 't her nocoupl e cali brati on
curves' could be used to specify the actual calibration curves for thermocouples at the time of
definition of atest. In the predefined_aspects of an ato_case or ato_phase an ato_aspect of the
property class scalar_functional would be referenced with scans indicating to which
thermocouples (specified as network_nodes in a model_component_sequence) a particular
calibration curve applies. The calibration curves themselves would be specified by
polynomial_functions of degree 2 with one parameter_properties with the name 'vol t age' and
aresult_property with the name 't enper at ur e'.

property class scalar_quantitative

A property class scalar_quantitative is a type of property class scalar for which the value is
expressed as anumerical value.

Attributes (in addition to those of property_class scalar):
* none

Assertions (in addition to those of property class scalar):
* none

Examples:
ExamPLE 38 — Temperature can be specified by a property_class scalar_quantitative with name
't enper at ur e' and no roles.
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4.2.51

4.2.52

ExamPLE 39 —Ambient temperature can be specified by a property class tensor with name
't enper at ur e' and roles{ 'anbi ent '}.

ExXAMPLE 40—The upper quadlification limit for pressure can be specified by a
property class scalar_quantitative with name ‘pressure’ and roles {'linit’,
'qual i ficati on', 'upper'}.

ExAMPLE 41 —'battery_charge_node' can not be a property class scalar_quantitative,
because it cannot be evaluated numerically.

property class tensor
A property class tensor isthe specification of a class of atensor of scalar properties.

NOTE 41 —The scalar properties, members of the tensor, are specified through the object
scalar_in_tensor.

NOTE 42 — In the case of a sparse tensor, some of the possible members may be left without any
property class scalar assigned.

Attributes:

* name reference to a property_name that specifies the kind of quantity dealt with by the
property class tensor.

e tensor_order: integer number, defining the tensor order:
- 1for avector
- larger than 1 for a higher order tensor
¢ dimensionality: an integer number indicating the dimensionality of the tensor

* members: aset of one or more scalar_in_tensors, specifying the property classes that are gathered
in the tensor. This attribute is an INV ERSE attribute.

Assertions:
* The combination of tensor_order and dimensionality shall be one of the following:
- tensor_order = 1, dimensionality > 2
- tensor_order = 2, dimensionality =2 or 3
- tensor_order = 4, dimensionality =2 or 3
EXAMPLE 42 — The members of athree-dimensional vector a are ordered as a,, ay, as.
ExAMPLE 43 — The members of a4th order two-dimensional tensor Aj; are ordered as:
1,1, 3,112 8112081122 8211, 81212, 81221, 81222,
211,10 82112 82121, 8212282211, 82212 82221, 8222

property class usage
A property class usage is the characterization of the usage of a property classin an ato_case. It
specifies the meaning of the property in the context of the ato_case.

Attributes:
¢ of case refersto the considered ato_case;
e property: refersto aproperty _classthat is considered during the case;

* meaning: specifiesalist of one or more property_rolesthat qualifiesthe meaning of the property in
the context of the ato_case. The members in this list are ordered such that the every succeeding
member denotes a more specific classification of the preceeding member - the first member of list
denotes the most generic, primary role.

NOTE 43 — Sometimes it may be diffult to determine the ordering of the roles, e.g. in 'upper
design limt tenperature', is 'upper' a specialization of the roles 'design linit', oris
'desi gn' a speciaization of the roles 'upper 1imt'? A rule-of-thumb solution can often be
found by expressing the role in a natural language. Most natural languages developed an
intuitive hierarchy for the ordering of terms that denoting speciaization. In English, the
ordering is from specific to generic. For this example, this means that 'upper' denotes a
specialization of ‘desi gn', which denotes a specialization of therole'l im t".
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4.2.53

NOTE 44 —When the roles are presented to the user, it may be preferred to present the roles in order
of decreasing specialization. The most specific roleswill be most significant to the user, because
the user will be probably well aware of the most generic rolesin the problem domain.

property_name

A property_nameis acharacter string that specifies the kind of quantity that aproperty class scalar
or aproperty_class tensor covers.

Attributes:

name: label string, specifying the name
When applicable, a name from the following list shall be used:
- absorptance

- acceleration

- amount _of _subst ance
- angle

- cartesian_position
- cartesian_velocity
- charge

- count

- density

- electric_current

- electric_conductance
- electric_potential

- electric_resistance
- emttance

- flux

- force

- frequency

- heat _capacity

- irradiance

- length

- lumnous_intensity
- nass

- nonent_of _inertia

- nunber

- plane_angl e

- polar_position

- power

- pressure

- ratio

- reflectance

- relative_hunidity

- roughness

- solid_angle

- specularity

- spherical _position
- strain

- stress

- tenperature

- thernal _conduct ance
- thernodynani c_tenperature
- time

- torque
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- velocity
- vol tage
- volune
- wavel ength
- work
Assertions:
* The name must be unique within the exchange dataset

4.2.54 property role
A property_role is the specification of a role of a property_class (a property class scalar or a

property class tensor) as such or the specification of a role of a property class scalar within a
property class tensor.

Attributes:

* name: label string, specifying the role name
When applicable, the following name shall be used:
- absol ute
- alarm
- anbi ent
- design
- di spl acenent
- distance
- di sturbed
- dynanic
- hem _spherica
- infrared
- initial
- limt
- linear
- | ower
- maxi num
- mean
- measured
- mni num
- nhegative
- nom nal
- non_linear
- nornal
- phi
- positive
- predicted
- relative
- residual
- solar
- static
- switch on
- switch off
- theta
- total
- upper
- worst_case
- X
-y
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4.2.55

4.2.56

4.2.57

4

Assertions:
¢ the name shall be unique within the exchange dataset

Examples:

EXAMPLE 44 —'anbi ent' can be the name of a the property role referenced by a
property class scalar with name't enper at ur e'.

property_symmetry

A property_symmetry specifies the behaviour of the property assigned to a

network _node relationship (and network _node relationship_usages which reference it) between

two networ k_nodes. Its purpose is to inform an application that uses the results data how the value of
the inverse relationship can be derived — this prevents the storage of redundant data. There are three
possibilities:

1) The relationship is symmetrical. This means that the value of the property of the relationship
between nodes i and j (Pj) is the same as the value of the same property of the same relationship
between nodesj and i (P};): Pji = Pjj.

2) The relationship is antisymmetrical. This means that the value of the property of the relationship
between nodesi and j (P;;) is the opposite of the value of the same property of the same relationship
between nodesj andi (P“) P“ =— P”

3) Providing information on the symmetry is meaningless. This means that the value of the property of
the relationship between nodesi and j (P;;) does not provide asimple way to derive the value of the
same property of the same relationship between nodesj andi (P;;), or that the reverse relationship is
even meaningless. In this case the symmetry information is undefined.

EXAMPLE 45—The property class scalar with the name 'electrical resistance’ of a
network_node relationship that represents a resistor between nodes 1 and 2 is symnet ri cal :
the values of the resistances R ;, and R, ; are the same.

EXAMPLE 46 —The property class scalar with the name ‘'heat flow for a
network_node relationship that represents a thermal conductor between nodes 1 and 2 is
anti symret ri cal : the values of the heatflows g, » and g, ; are each other’s opposites: q; , = —
4z2,1-

A property_symmetry isoneitem from thelist {symmetri cal , antisymwetrical }.
There are no attributes nor assertions.

run

A run isanamed and time-stamped collection of references (through ato_aspects) to results data that
together establish an executed analysis, test or operation run.

Attributes:

e of phase: referenceto the ato_phase for which this executed run produces results.

* id: identifier string, giving a unique identification code to arun instance

* name: label string containing the word or group of words by which therun isreferred to.
¢ description: text that relates the nature of the run.

¢ timestamp: calendar date_and_time marking the start of the run

e creator_tool_or_facility: OPTIONAL label string, denoting the tool or facility that created the run
results

* aspects: one or more referencesto ato_aspects, for which property values are produced in the run

Assertions:
* The combination of of phase and id shall be unique in the exchange dataset.

run_sequence
A run_sequenceis a sequence of runs, which belong to asingle ato_case.
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4.2.58

4.2.59

4.2.60

Attributes:

¢ of case referencetotheato_case for which this executed run_sequence produces results.

* id: identifier string

* name: label string containing the word or group of words by which therun_sequenceis referred to.
¢ description: text that relates the nature of the run_sequence.

* runs: alist of one or more runsthat belong to thisrun_sequence

Assertions:
* The combination of of case and id shall be unique within the exchange dataset

* Theato phasesreferenced by runsthrough of_phase shall al belong to of case (through its phases
attribute)

Examples:

EXAMPLE 47 —A run_sequence with the name 'ESATAN analysis of sunmer solstice
eclipse and recovery in low earth orbit' representsthe ato_case 'sunmer sol stice
eclipse and recovery in | ow earth orbit', and can be decomposedintheruns'i ni ti al
steady state','eclipse'and'recovery'.

scalar_in_tensor

A scalar_in_tensor identifies one property class tensor that is used as a member of a

property class tensor and itsrolein the tensor.

* tensor: reference to the considered property_class tensor

¢ gscalar: reference to the considered property_class scalar

* position: specifies the position of the property class scalar within the property class tensor.
See 4.2.51 for the definition of the order of the members of aproperty class tensor

¢ roles: alist of one or more property_roles, denoting the role of the scalar in the tensor . The items
in thislist are ordered in such away that the first item specifies the most generic, primary role and
that each further item in the list qualifiesits preceeding item.

NOTE 45—the same property class scalar may be used severa times within a
property_class tensor, with different roles: athree dimensional cartesian displacement can be
represented by a property_class tensor with a tensor_order of 1 (indicating a vector) and a
dimensionality of 3, where each of the elements of the vector is a property_class scalar with

name 'l engt h' and the respectiveroles'x', 'y' and 'z".

scalar_value

A scalar_value is a nhumber that represents the value of a property_class scalar, which may be a

member of aproperty class tensor. This number can be:

¢ the numerical value for aquantitative property (of aproperty class scalar_quantitative)

¢ anindex value for adescriptive property (of aproperty class scalar_descriptive) which specifies
the position of the character string representation of the descriptive value in the associated
list_of descriptive values.

¢ anindex value for a functional property (of a property class scalar_functional) which specifies
the position of the function pointer in the associated list_of functions.

Assertions:

* |f the property class scalar isaproperty class scalar_descriptive, the scalar_value shall be a
validindex toaniteminthelist_of descriptive values, specified by value container

e |If the property class scalar isaproperty class scalar_functional, the scalar_value shall be a
validindex to aniteminthelist_of functions, specified by function_container

SCan

A scan isacollection of values for the property_class and networ k_model_components specified by
of_property_class and component_sequence in an ato_aspect, sampled at one particular value for the
abscissa_class or derived by a specific scan_derivation_procedure.
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4.2.61

A scan specializesinto scan_of _sampled_values and scan_of _derived_values.

Attributes:

e of aspect: theato_aspect for which the scan collects a set of values. Thisis an INVERSE attribute.

¢ abscissa value: an OPTIONAL scalar_value, that specifies the value of the property defined by
abscissa_class for which the scan is sampled or derived. The abscissa class is specified by the
ato_case to which the scan pertains, through the objectsato_case, ato_phase, ato_aspect and run.

* mask: an OPTIONAL reference to a scan_mask, that may specify for which components of the
model_component_sequence a property value (for ascalar) or list of property values (for a vector
or higher order tensor) is present. The purpose of the mask is to allow for efficient storage of
incomplete scans of property values.
If no scan_mask is specified, then property values are given for al components listed in the
component_sequence of the ato_aspect.

¢ values: alist of one or more scalar_values

Assertions:
* The number of values shall be as defined below:
- No mask specified and the ato_aspect’sfor_property classisaproperty_class scalar:
the number of components in the component_sequence of the ato_aspect
- No mask specified and the ato_aspect’sfor_property classisaproperty class tensor:
the product of the number of components and the number of members in the
property class tensor
- mask specified and the ato_aspect’sfor_property classisaproperty class scalar:
the number of components implied by defined _ranges in mask
- mask specified and the ato_aspect’sfor_property_classisaproperty_class tensor:
the product of the number of componentsimplied by defined_rangesin mask and the number of
membersin the property _class tensor
* Theordering of the valueslist is asfollows:
- The property values are in the same order as the components in the component_sequence of the
ato_aspect

- If the for_property class is a property_class tensor then the ordering within the property
value list is the same as for the tensor members, i.e. such that the highest dimension changes
fastest.

scan_derivation_procedure

A scan_derivation_procedure is a character string denoting the procedure used to derive a
scan_of_derived_valuesfrom acollection of scan_of sampled_values.

Attributes:
* name: alabd string denoting the procedure.
When applicable, the following name shall be used:
- mni num
- maxi num
- Irean
- standard_devi ation
- variance
- median
- node
- sum

Assertions:
¢ the name shall be unique within the exchange dataset
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4.2.62 scan_mask

A scan_mask is a list that specifies for which network_model_components property values are

available in one or more scans. The purpose of this mask isto allow for efficient storage of incomplete

(sparse) data.

More than one scan can reference the same scan_mask.

Attributes:

¢ defined_ranges: alist of pairs of indices. Each pair indicates the beginning and ending position of a
range within the component_sequence list in the ato_aspect. Any network_model_component
that falls within these ranges will have avalues entry in a scan that references this scan_mask.

Assertions:

¢ the defined ranges shall not overlap: no network_model_component may be referenced in more
than one defined_range within a scan_mask

Examples:

EXAMPLE 48 —In a thermal balance test run, temperatures are measured for 200 thermocouples.
These thermocouples are listed in the component sequence of the 'thernocoupl e
tenperatures' ato_aspect. During a certain part of this test run, temperatures are only
available for 50 thermocouples —the first 20 and the last 30 in the list.

For the scans in this phase, the results can be stored in two ways:
1) no scan_mask is assigned for the scans in this phase, and scalar_values are stored as
i ndet er ni nat e valuesin the scans for the 21rd to 170th thermocouple.
2) ascan_mask is defined containing the ranges (1:20) and (171:200), and the scans for this
phase reference this scan_mask and store only alist of 50 scalar_values.
In terms of storage efficiency, the second approach is much more efficient.
4.2.63 scan_of derived values
A scan_of_derived_values is a type of scan that captures a recording of the values for the
property_class and network_model_components considered in an ato_aspect, derived by a specific
procedure.

NOTE 46 — Typicaly, a scan_of derived values holds the results of statistical processing of a

series of scan_of sampled_values.
Attributes (in addition to those of scan):
¢ derivation_procedure: a reference to scan_deriviation_procedure denoting the procedure which
has been used to obtain the values.

ExAMPLE 49—A scan_of derived values containing the mean temperature for every
network_model_component (averaged over a whole run) can refer to the
scan_derivation_procedur e with the name 'nean'.

¢ abscissa start: an OPTIONAL scalar_value, expressing the value of the abscissa_class of the start
of the interval where the procedure has been applied.

¢ abscissa_end: an OPTIONAL scalar_value, expressing the value of the abscissa_class of the end
of theinterval where the procedure has been applied.

NOTE 47 — Typically, the abscissa_start and abscissa_end will be used to indicate an interval of
scan_of_sampled_values on which some statistical processing has been performed.

NOTE 48 — If abscissa_start is unspecified, then the procedure has been applied with considering all
the scans of the run, that have an abscissa_value less or equal than abscissa_end.

NOTE 49 — If abscissa_end is unspecified, then the procedure has been applied with considering all
the scans of therun, that have an abscissa_value greater or equal than abscissa_start.

Assertions (in addition to those of scan):
* The combination of procedure, abscissa start and abscissa end shall be unique within an
ato_aspect.
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4.2.64

4.2.65

4.2.66

ExAMPLE50—A series of scan_of derived values, with specified abscissa start and
abscissa_end and a scan_derivation_procedure named 'mean’ can be used to store the results
of low-pass filter statistical processing, which averages the values within certain intervals.

scan_of sampled_values

A scan_of_sampled_values is a type of scan that captures the values for the property_class and
network_model_components considered in an ato_aspect, a one particular value for the
abscissa_class (specified in the associated ato_case).

Attributes (in addition to those of scan):
* none

Assertions (in addition to those of scan):
¢ theabscissa value shall be specified

Examples:

ExaMPLE 51 —A scan_of_sampled_values could record the temperatures of the nodes of athermal
mathematical model, at the beginning of an eclipse smulation in an ESATAN temperature
calculation run.

security classification_level
A security_classification_level is a specification of acategory of security for accessto data.

Attributes:
* name: label string that specifies the level of security

Assertions:
¢ Six levels of security are distinguished. The alowed levels are, in order of increasing
confidentiality:
- ‘'unclassified
- ‘'classified
- 'proprietary'
- ‘'confidential'
- ‘'secret'
- 'top_secret'
NOTE 50 — These security classification levels were taken from [STEP-203].

submodel_usage

A submodel_usage is a specification of an occurrence of one network_model as a submodel of
another network_model, which then is the supermodel. Through this composition relationship a
hierarchical model/submodel tree can be created — a supermodel is the ‘whol€’ and its submodels are
the ‘parts’. The submodel _usageis referenced in the constituents attribute of a network_model.
NOTE 51 — The purpose of such a model/submodel tree is to support modular breakdown for
network models and good configuration control by enabling a single source definition for the
submodel occurrences of similar or identical engineering objects.

Attributes:

* id: identifier string

* name: label string, which specifies the usage of —i.e. the role played by — the submodel in relation
to the supermodel in the model/submodel tree

¢ submodel: reference to anetwork_model

¢ source node: reference to a network _node identifying one node of submodel that defines the
origin of the submodel when it is mapped in another occurrence

¢ target node: reference to a network_node identifying the node where source_node is mapped
when the submodel usageis created
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Assertions;

* The model/submodel tree established by submodel_usages shall form an acyclic graph —i.e. no
circular referencesis alowed

¢ source node shall bein the set of constituents of submodel
* A submodel_usage shall be referred to by exactly one network_model

Examples:
ExamPLE 52 — Typical examples for name are 'Unit 12', 'Lower —X Unit', 'Primary Supply’,
'Secondary Suppl y'.
EXAMPLE 53 —"Bat t ery- 1' and 'Bat t er y- 2' can be the names for submodel _usages referencing a
network_model with the name 'Battery'.

4.2.67 tabular_function
A tabular_function is a specialization of parameterized_function, which specifies the function’s
valuesin tabular form.
Attributes (in addition to those of parameterized function):
e parameter_values: one, two or three lists of alist of one or more scalar_values, specifying the
parameter values for each of the parameter_properties
e function_values: list of scalar_value
* interpolation_type: atabular_interpolation_type
¢ interpolation_degree: an OPTIONAL integer > 1, specifying the desired interpolation degree for
polynomial interpolation
Assertions (in addition to those of parameterized_function):
¢ Thenumber of parameter_properties of the parameterized function shall be no morethan 3,i.e. a
function of at most 3 variables.
* The parameter_values in the list for each parameter_properties shall be specified in monotonic
ascending order.
¢ Thesize of the function_valueslist shall be equal to the product of the listsizes of each of thelistsin
parameter_values.
* The ordering of the function values list shall be such that the index for the highest number
parameter_properties changes fastest.
ExAMPLE 54 —A tabular_function T(a;,b;) depends on two parameter_properties: a with index i
and b with index j. For a 3 values are specified and for b 5 values are specified.
Then parameter_values has the following format: { {ay, ay, ag}, {by, by, b, by, bs} },
and function_valuesis specified as: { T(a1,by), T(ay,b,), T(a1,b3), T(a,ba), T(ay,bs),
4.2.68 tabular_interpolation_type
A tabular_interpolation_type is a character string denoting the interpolation type belonging to a
tabular_function. It can be one item from {pol ynom al , |inear_| ogarithm c}.
There are no attributes nor assertions.
4.2.69 unit
A unit isaphysical quantity, with avalue of one, which is used as a standard in terms of which other
quantities are expressed.
NOTE 52 — The definition of unit istaken directly from [STEP-41].
4.2.70 unit_assignment
A unit_assignment is a specification of the unit in which the values for a property_class scalar are
expressed, in the context of agiven ato_case.
Attributes:
e of case areferencetotheato case
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4.3

431

4.3.2

4.3.3

4.3.4

435

4.3.6

4.3.7

o for_property class. referenceto the property class scalar for which aunit is assigned
¢ assigned unit: reference to the unit that is assigned to values of for_property class

Assertions:

* The combination of of case and for_property class shall be unique within the exchange dataset —
i.e. there shall one and only one unit_assignment for a given property class scalar within the
context of an ato_case.

Examples:

ExAMPLES5—A  unit_assignment can assign the unit 'kelvin' to the
property class scalar_quantitative with the name't enper at ur e'.

Application assertions

This subclause specifies the application assertions for the NRF application protocol. Application
assertions specify the relations between application objects, the cardinality of the relationships, and the
rules required for the integrity and validity of the application objects and UoFs. The application
assertions and their definitions are given below.

abscissa value of scans with_invariant_lifetime
* Theabscissa value of ascan referenced by an ato_aspect for which thelifetypeisi nvari ant shall
not be specified

consistent_units per_ato _case

e All unit_assignments referencing the same ato case (through of case) and
property class scalarswith the same name — but possibly with different roles— shall reference the
same unit. As a consequence the values of all these property_class scalars shall be expressed in
identical units.

model_component_sequence requires ato_aspect
* A model_component_sequence shall berefered to by at least one ato_aspect

network_model_requires product_definition

* Whenanetwork_model isdefined, also the product_version (and product) that it represents shall
be specified in the exchange dataset. At least one model_represents product_relationship shall
be specified which relates the network_model which is the top level supermodel to a top level
product_definition of the product_version of the product that the model is representing.

network_node_in_one_network_model

¢ A network_node belongs to one and only one network_model, i.e. it shall only be referenced by
only one networ k_model in its constituents.

network_node_relationship_in_one_network_model

¢ A network_node relationship belongs to one and only one network_model, i.e. it shall only be
referenced by only one network_model in its constituents.

approvals are assigned

e Any approval shall be assigned to another object.
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Clause 5 - Application Interpreted Model

Clause 5 - Application Interpreted Model

51 Mapping Table

This clause contains the mapping table that shows how each UoF and application object of this Part
(see Clause 4) maps to one or several AIM resource constructs (see subclause 5.2 “AIM EXPRESS
short listing”).

The mapping is not provided in the tabular format required by [STEP-AP-Guide], but in the simpler
serial format presented below. This was done to improve the efficiency of the mapping activity, while
keeping exactly the same information. The mapping is formatted as follows:

For each application object:

ARM_OBJECT <application_object_name>

IS MAPPED TO

<aim_element> USED_FROM <resource_schema>
[WITH_RULES <rule_number>[,<rule_number>...]]
WITH_REFERENCE_PATH

<reference_path>

And then for each attribute of the application object:

ATTRIBUTE <application_object_attribute name>
IS MAPPED_TO

<aim_element> USED_FROM <resource _schema>
WITH_REFERENCE_PATH

<reference_path>

The different elements are explained as follows:

The <application_object_name> is the name of an application element as it appears in the
application object definition in subclause 4.2. Attribute names are listed after the application object
to which they belong.

The <aim_element> is the name of an AIM element as it appears in the AIM (subclause 5.2), or the
term ‘IDENTICAL MAPPING' or the term ‘PATH’. AIM entities are written in lower case.
Attribute names are referred to as <entity name>.<attribute_name>. The mapping of an application
element may result in several related AIM elements. Each of these AIM elements will requirealine
of its own in the reference path section. The term ‘IDENTICAL MAPPING’ indicates that both
application objects of an application assertion map to the same AIM element. The term ‘PATH’
indicates that the application assertion maps to the entire reference path.

The USED_FROM <resource_schema> gives, for those AIM elements that are interpreted from the
integrated resources, the number of the corresponding Part of 1SO 10303. For those AIM elements
that are incorporated from an application interpreted construct (AIC), thisis the AIC identifier, as
defined below. For those AIM elements that are created for the purpose of this AP, this is the
acronym of the Space-domain Integrated Resources or thisAP—i.e. “SIR” and “NRF” respectively.

Where applicable, in the WITH_RULES <rule number>[,<rule_number>...] contruct one or
several numbers may be given which refer to rules that apply to the current AIM element. For rules
that are derived from relationships between application objects, the same rule is referred to by the
mapping entries of all the involved AIM elements. The expanded names of the rules are listed after
all mapping clauses.

The WITH_REFERENCE_PATH <reference_path> construct is used to describe fully the mapping
of an ARM element. It may be necessary to specify a reference path through several related AIM
elements. A single AIM element is documented on a single line with a symbol which defines its
relationship to the AIM element on the succeeding row in the column. The reference path column
documentsthe role of an AIM element relative to the AIM element in the line succeeding it. Two or

NRF-002-AP Release 1.4 (15 November 1996) 5-1



STEP-NRF — Network-model Results Format

Clause 5 - Application Interpreted Model

511
5111

5112

5113

more such related AIM elements define the interpretation of the Integrated Resources that satisfies
the requirement specified by the application object. The reference path construct may be omitted
when the path is trivial.
For each AIM element that has been created for use within this Part, a reference path up to its
supertype from an integrated resource is specified.

* For the expression of reference paths and the relationships between AIM elements, the following
notational conventions apply:

—>

attribute references ENTITY or SELECT type given in the following row;

attributeisENTITY or SELECT type referenced by the attribute in the following row;

entity isa SUPERTY PE of the entity given in the following row;

entity isa SUBTY PE of the entity given in the following row;

attribute has as its type the specified SELECT, STRING or ENUMERATION type, possibly
constrained to particular choices or values.

[l

multiple AIM elements or sections of the reference path are required to satisfy an information
requirement;

0

multiple AIM elements or sections of the reference path are identified as alternatives within the
mapping to satisfy an information requirement;

{}

enclosed section constrains the reference path to satisfy an information requirement;

(]

attribute is an aggregation of which a single member is given in the following row;

[n]

attribute is an aggregation of which member nis given in the following row;

Notes:

NOTE 53 — Readers are reminded that the reference path gives only a summary of the entities to be
instantiated to cover the requirement defined by an application object. It does not explicitate
computations which may be needed to translate an attribute defined in the ARM into attributes of
entities defined in the AIM.

Mapping Table - product_structure UoF

ARM_OBJECT product

IS MAPPED_TO
product USED_FROM 41
WITH_RULES 22

ARM_OBJECT product_context

IS MAPPED_TO
product_context USED_FROM 41
WITH_RULES5

ATTRIBUTE name

IS MAPPED_TO
application_context_element.name USED_FROM 41
WITH_REFERENCE_PATH
product_context<=application_context_element
application_context_element.name

ATTRIBUTE discipline type
IS MAPPED_TO
product_context.discipline_type USED_FROM 41

ARM_OBJECT product_definition
IS MAPPED_TO

52
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5114

5115

5116

product_definition USED_FROM 41
WITH_RULES 27

ARM_OBJECT product_definition_context

IS MAPPED_TO
product_definition_context USED_FROM 41
WITH_RULES5

ARM_OBJECT product_next_assembly_usage relationship

IS MAPPED_TO
next_assembly usage occurence USED_FROM 44
WITH_RULES 28

ATTRIBUTE id

IS MAPPED_TO

product_definition_relationship.id USED_FROM 41
WITH_REFERENCE_PATH

next_assembly_usage occurence <= assembly _component_usage
assembly_component_usage <= product_definition_usage
product_definition_usage <= product_definition_relationship
product_definition_relationship.id

product_next_assembly usage relationship to product_definition (as assembly)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

next_assembly _usage occurence <= assembly_component_usage
assembly_component_usage <= product_definition_usage

product_definition_usage <= product_definition_relationship
product_definition_relationship.relating_product_definition -> product_definition

product_next_assembly usage relationship to product_definition (as constituent)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

next_assembly_usage occurence <= assembly _component_usage

assembly_component_usage <= product_definition_usage

product_definition_usage <= product_definition_relationship
product_definition_relationship.related product_definition -> product_definition

ARM_OBJECT product_version

IS MAPPED_TO
SIR_product_version USED_FROM SIR

ATTRIBUTE id

IS_ MAPPED_TO

product_definition_formation.id USED_FROM 41
WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation.id

ATTRIBUTE description

IS MAPPED_TO

product_definition_formation.description USED_FROM 41
WITH_REFERENCE_PATH
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SIR_product_version <= product_definition_formation
product_definition_formation.description

product_version to product (asof_product)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation.of _product -> product

product_version to product_definition (as definitions)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation <- product_definition.formation

512 Mapping Table - network_model_representation UoF
5121 ARM_OBJECT model_represents product_relationship
IS MAPPED_TO

NRF_model_product_relationship USED_FROM NRF

WITH_RULES 23

WITH_REFERENCE_PATH

NRF_model_product_relationship <= property_definition_representation

model_represents product_relationship to network_model_constituent (as model_constituent)
#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the constituent is a submodel_usage

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
property_definition_representation.used_representation -> representation
representation.items[1] -> network_model_constituent

#1 (network_model_constituent = SIR_network_node)

#2 (network_model_constituent = SIR_network_node_relationship)

#3 (network_model_constituent = SIR_submodel_usage)

model_represents product_relationship to product_definition (asrepresented_product)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

property_definition_representation.definition -> property_definition

{property_definition.name =’ product_description_for_ato’}

property_definition.definition = characterized_definition

characterized_definition = characterized_product_definition

characterized_product_definition = product_definition

5122 ARM_OBJECT network_model

IS MAPPED_TO
SIR_model USED_FROM SIR
WITH_RULES 23, 29
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5123

ATTRIBUTE id
IS MAPPED_TO
SIR_model.id USED_FROM SIR

ATTRIBUTE version_id
IS MAPPED_TO
SIR_model.version_id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_model <= representation
representation.name

ATTRIBUTE description
IS MAPPED_TO
SIR_model.description USED_FROM SIR

network_model to security_classification_level (as security class)

IS MAPPED_TO

PATH

WITH_RULES 4

WITH_REFERENCE_PATH

SIR_model = security_classified item

security_classified_item <- NRF_security _assignment.itemg]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security _level -> security_classification_level

network_model to network_model _constituent (as constituents)
#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the constituent is a submodel_usage

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_model <= representation

representation.items[i] -> network_model_constituent

#1 (network_model_constituent = SIR_network_node)

#2 (network_model_constituent = SIR_network_node_relationship)
#3 (network_model_constituent = SIR_submodel_usage)

ARM_OBJECT network_node

IS MAPPED_TO
SIR_node USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_nodeid USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
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SIR_node <= representation_item
representation_item.name

network_node to network_node class (as class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node.classeq[i] -> type _qualifier

network _nodeto security classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES 4

WITH_REFERENCE_PATH

SIR_node = security _classified _item

security_classified_item <- NRF_security _assignment.itemg]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security_level -> security_classification_level

5.1.24 ARM _OBJECT network _node class

IS MAPPED_TO
type_qualifier USED_FROM 45
WITH_RULES 19

ATTRIBUTE name
IS MAPPED_TO
type_qualifier.name USED_FROM 45

5125 ARM_OBJECT network_node relationship

IS MAPPED_TO
SIR_node_relationship USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_node_relationship.id USED_FROM 43

ATTRIBUTE name

IS_ MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_node_relationship <= representation_item
representation_item.name

network_node_relationship to network_node _relationship_class (as class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR _node_relationship.classed[i] -> type_qualifier

network_node_relationship to security_classification_level (as security_class)
IS MAPPED_TO

PATH

WITH_RULES4

WITH_REFERENCE_PATH

SIR_node_relationship = security_classified_item
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5126

5127

5128

security_classified_item <- NRF_security_assignment.itemq]i]

NRF_security assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security level -> security_classification_level

network_node_relationship to network_node (as hodes)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship.nodeg[i] -> SIR_node_or_usage
SIR_node_or_usage = SIR_node

network_node_relationship to network_node_usage (as nodes)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship.nodeg[i] -> SIR_node_or_usage
SIR_node_or_usage = SIR_node_usage

ARM_OBJECT network_node_relationship_class

IS MAPPED_TO
type_qualifier USED_FROM 45
WITH_RULES 19

ATTRIBUTE name
IS MAPPED_TO
type_qudlifier.name USED_FROM 45

ARM_OBJECT network_node relationship_usage

IS MAPPED_TO
SIR_node_relationship_usage USED_FROM SIR

network_node_relationship_usage to submodel_usage (asused_submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship_usage.used_submodel -> SIR_submodel_usage

network_node_relationship_usage to network_node_relationship (asrelationship)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship_usage.component -> SIR_node_relationship

ARM_OBJECT network_node _usage

IS MAPPED_TO
SIR_node_usage USED_FROM SIR

network_node usage to submodel _usage (as used_submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_usage.used_submodel -> SIR_submodel_usage

network_node usage to network_node (as node)
IS MAPPED_TO
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5129

5.13
5131

PATH
WITH_REFERENCE_PATH
SIR_node_usage.node -> SIR_node

ARM_OBJECT submodel_usage

IS MAPPED_TO
SIR_submodel_usage USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_submodel_usage.id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_submodel_usage <= mapped_item
mapped_item <= representation_item
representation_item.name

submodel_usage to network_model (as submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_source -> representation_map
representation_map.mapped_representation -> representation
representation => SIR_model

submodel_usage to network_node (as source_node)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_source -> representation_map
representation_map.mapping_origin -> representation_item
representation_item => SIR_node

submodel_usage to network _node (astarget_node)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_target -> representation_item
representation_item => SIR_node

Mapping Table - bulk_results UoF
ARM_OBJECT ato_aspect

IS MAPPED_TO
SIR_aspect USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_aspect.name USED_FROM SIR
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5132

ato_aspect to property class usage (asfor_property class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_aspect.valued_property -> SIR_property_usage

ATTRIBUTE lifetime
IS MAPPED_TO
SIR_aspect lifetime USED_FROM SIR

ato_aspect to model_component_sequence (as component_sequence)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_aspect.component_sequence -> SIR_component_sequence

ato_aspect to scan (as scans)
IS MAPPED_TO

PATH
WITH_REFERENCE_PATH
SIR_aspect.scang[i] -> SIR_scan

ato_aspect to security_classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES4

WITH_REFERENCE_PATH

SIR_aspect = security_classified_item

security_classified_item <- NRF_security _assignment.itemq]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security _level -> security_classification_level

ARM_OBJECT ato_campaign

IS MAPPED_TO
SIR_ato_campaign USED_FROM SIR

ato_campaign to organizational _project (asof _project)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_campaign.of_project -> organizational_project

ATTRIBUTE name

IS MAPPED_TO
group.name USED_FROM 41
WITH_REFERENCE_PATH
SIR_ato_campaign <= group
group.name

ATTRIBUTE description

IS MAPPED_TO
group.description USED_FROM 41
WITH_REFERENCE_PATH
SIR_ato_campaign <= group
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group.description

ato_campaign to date_and_time (ascreation_date and_time)
IS MAPPED_TO

PATH

WITH_RULES 1

WITH_REFERENCE_PATH

SIR_ato_campaign = dated_item

dated _item<- NRF_date assignment.dated _itemg[i]
NRF_date assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
{date_and_time_assignment.role -> date_time_role

date time_role.name =’ CREATION_DATE'}

ato_campaign to date_and_time (aslast_modification_date _and_time)
IS MAPPED_TO

PATH

WITH_RULES 3

WITH_REFERENCE_PATH

SIR_ato_campaign = dated_item

dated _item<- NRF_date assignment.dated _itemg[i]
NRF_date assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
{date_and_time_assignment.role -> date_time_role
date_time_rolename="LAST_MODIFICATION_DATE'}

ato_campaign to person_and_organization (as contact_person_organisation)
IS MAPPED_TO

PATH

WITH_RULES?2, 17

WITH_REFERENCE_PATH

SIR_ato_campaign = sourced_item

sourced_item <- NRF_contact_assignment.itemg]i]

NRF_contact_assignment <= person_and_organization_assignment
person_and_organization_assignment.assigned_person_and_organization -> person_and_organization
person_and_organization_assignment.role -> person_and_organization_role
{person_and_organization_role.name = ' CONTACT_PERSON/ORGANIZATION'}

ato_campaign to approval (asapprovals)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_campaign = approved_item

approved_item <- NRF_approval_assignment.approved_itemg]i]
NRF_approval _assignment.assigned_approval -> approval
approval .status -> approval _status

ato_campaign to security_classification_level (as security_class)
IS MAPPED_TO

PATH

WITH_RULES4

WITH_REFERENCE_PATH

SIR_ato_campaign = security_classified_item

security_classified_item <- NRF_security_assignment.itemq]i]
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5133

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security level -> security_classification_level

ATTRIBUTE application_interpreted_model_schema_name

IS MAPPED_TO
application_protocol_definition.application_interpreted_model_schema _name USED_FROM 41
WITH_RULESS5

WITH_REFERENCE_PATH

SIR_ato_campaign.in_context -> application_context_element
application_context_element.frame_of_reference -> application_context

application_context <- application_protocol.application

ATTRIBUTE application_protocol_year

IS MAPPED_TO

application_protocol_definition.application_protocol_year USED_FROM 41
WITH_REFERENCE_PATH

SIR_ato_campaign.in_context -> application_context_element
application_context_element.frame_of _reference -> application_context
application_context <- application_protocol.application

application_protocol _definition.application_protocol_year

ARM_OBJECT ato_case

IS MAPPED_TO
SIR_ato_case USED_FROM SIR

ato_caseto ato_campaign (asof_campaign)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_case.campaign_membership -> SIR_case in_campaign
SIR_case_in_campaign <= group_assignment
group_assignment.assigned_group -> group

group => SIR_ato_campaign

ATTRIBUTE id
IS MAPPED_TO
SIR_ato_case.id USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_ato_case.name USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_ato_case.description USED_FROM SIR

ato_caseto network_model (asroot)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_case.root_model -> SIR_model

ato_caseto property_class usage (as abscissa _class)
IS MAPPED_TO
PATH
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WITH_REFERENCE_PATH
SIR_ato_case.abscissa class-> SIR_property_usage

ATTRIBUTE abscissa_sequencing
IS MAPPED_TO
SIR_ato_case.abscissa_sequencing USED_FROM SIR

ato_caseto ato_aspect (as predefined_aspects)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_case=SIR_case or_phase

SIR_case_or_phase <- SIR_initial_conditioning.conditioned_data
SIR initial_conditioning.initial_condition -> SIR_aspect

ato_caseto security_classification_level (as security class)

IS MAPPED_TO

PATH

WITH_RULES 4

WITH_REFERENCE_PATH

SIR_ato_case = security_classified_item

security_classified_item <- NRF_security _assignment.itemg]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security_level -> security_classification_level

5134 ARM_OBJECT ato_phase

IS MAPPED_TO
SIR_ato_phase USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_ato_phaseid USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_ato_phase.name USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_ato_phase.description USED_FROM SIR

ato_phaseto ato_case (asof _case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_phase.of_case-> SIR_ato_case

ato_phaseto ato_aspect (as predefined_aspects)

IS_ MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_phase = SIR_case or_phase

SIR_case_or_phase <- SIR_initial_conditioning.conditioned_data
SIR_initia_conditioning.initial_condition -> SIR_aspect
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5135

5.1.3.6

5137

ato_phaseto security_classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES 4

WITH_REFERENCE_PATH

SIR_ato_phase = security_classified _item

security_classified_item <- NRF_security _assignment.itemq]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security_level -> security_classification_level

ARM_OBJECT list_of_descriptive values

IS MAPPED_TO
SIR_list_of_descriptive_values USED_FROM SIR

list_of descriptive valuesto property class usage (as applicable for)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of _descriptive values.applicable for[i] -> SIR_applicability_of_values
SIR_applicability_of values.valid_usage -> SIR_property_usage

ATTRIBUTE name
IS MAPPED_TO
SIR_list_of descriptive_vaues.name USED_FROM SIR

ATTRIBUTE entries
IS MAPPED_TO
SIR_list_of descriptive_values.entriesUSED_FROM SIR

ARM_OBJECT list_of_functions

IS MAPPED_TO
SIR list_of functions USED_FROM SIR

list_of functionsto property class usage (asapplicable for)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of_functions.applicable_for[i] -> SIR_applicability_of values
SIR_applicability_of values.valid_usage -> SIR_property_usage

ATTRIBUTE name
IS MAPPED_TO
SIR_list_of functions.name USED_FROM SIR

list_of functionsto parameterized_functions (asentries)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of functions.entrieg[i] -> SIR_parameterized function

ARM_OBJECT model_component_sequence

IS MAPPED_TO
SIR_component_sequence USED_FROM SIR
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ATTRIBUTE id
IS MAPPED_TO
SIR_component_sequence.id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO

SIR_component_sequence.name USED_FROM SIR
WITH_RULES 11

model_component_sequenceto network_model_component (as components)
IS MAPPED_TO

#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the congtituent is a submodel_usage

#4 if the congtituent is a network_node_usage

#5 if the constituent is a network_node_relationship_usage

#6 if the constituent is a network_model

PATH

WITH_REFERENCE_PATH
NRF_component_sequence.components[i] -> SIR_network_component
#1 (SIR_network_component = SIR_node)

#2 (SIR_network_component = SIR_node_relationship)

#3 (SIR_network_component = SIR_submodel_usage)

#4 (SIR_network_component = SIR_node_usage)

#5 (SIR_network_component = SIR_node_relationship_usage)

#6 (SIR_network_component = SIR_maodel)

51.3.8 ARM_OBJECT property_class

IS MAPPED_TO
SIR_property_class USED_FROM SIR

5139 ARM_OBJECT property_class scalar

IS MAPPED_TO
SIR_property_scalar USED_FROM SIR

property class scalar to property_name (as hame)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_scalar <= SIR_property_class
SIR_property_class.name -> SIR_property_name

ATTRIBUTE symmetry
IS MAPPED_TO
SIR_property_scalar.symmetry USED_FROM SIR

5.1.3.10 ARM_OBJECT property_class scalar_descriptive

IS MAPPED_TO
SIR_property_descriptive USED_FROM SIR

51311 ARM_OBJECT property_class scalar_functional

IS MAPPED_TO
SIR_property_functional USED_FROM SIR
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51312

5.1.3.13

5.13.14

5.1.3.15

ARM_OBJECT property_class scalar_quantitative

IS MAPPED_TO
SIR_property_quantitative USED_FROM SIR

ARM_OBJECT property_class tensor

IS MAPPED_TO
SIR_property_tensor USED_FROM SIR

property class tensor to property_name (as name)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_tensor <= SIR_property_class
SIR_property_class.name -> SIR_property_name

ATTRIBUTE tensor_order
IS MAPPED_TO
SIR_property_tensor.order USED_FROM SIR

ATTRIBUTE dimensionality
IS MAPPED_TO
SIR_property_tensor.dimensionality USED_FROM SIR

ARM_OBJECT property class usage

IS MAPPED_TO
SIR_property_usage USED_FROM SIR

property class usageto ato _case (asof case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_usage.of _case-> SIR_ato_case

property class usageto property class (as property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_usage.property -> SIR_property_class

property class usageto property role (as meaning)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_usage.meaning -> SIR_property_meaning
SIR_property_meaning.roleg[i] -> type_qudlifier

ARM_OBJECT property_name

IS MAPPED_TO
SIR_property_name USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_property _name.name USED_FROM SIR
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51.3.16

51317

ARM_OBJECT property_role

IS MAPPED_TO
type_qualifier USED_FROM 45

ATTRIBUTE name
IS MAPPED_TO
type_qudlifier.name USED_FROM 45

ARM_OBJECT run

IS MAPPED_TO

NRF_run USED_FROM NRF
WITH_RULES 24
WITH_REFERENCE_PATH
NRF_run <= executed_action

runtoato_phase (as of _phase)

IS MAPPED_TO

PATH

WITH_RULES 20
WITH_REFERENCE_PATH

NRF_run <= executed_action
executed_action <= action

action <- action_assignment.assigned_action
action_assignment => NRF_run_phase
NRF_run_phase.phase[1] -> SIR_ato_phase

ATTRIBUTE id

IS MAPPED_TO
action.name USED_FROM 41
WITH_REFERENCE_PATH
executed_action <= action
action.name

ATTRIBUTE name

IS MAPPED_TO

name_assignment.assigned_name USED_FROM 41
WITH_REFERENCE_PATH

NRF_run = NRF_named_item

NRF_named_item <- NRF_name_assignment.named_itemg]i]
NRF_name_assignment <= name_assignment
name_assignment.assigned_name

ATTRIBUTE description

IS MAPPED_TO
action.description USED_FROM 41
WITH_REFERENCE_PATH
executed_action <= action
action.description

run todate and_time (astimestamp)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

NRF_ato_run = dated_item
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5.1.3.18

dated _item<- NRF_date_assignment.dated_itemg[i]
NRF_date assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
date_and_time_assignment.role -> date_time_role
{date_time_rolename ="'START_DATE_AND_TIME'}

ATTRIBUTE creator_tool_or_facility

IS MAPPED_TO

action_resource.name USED_FROM 41
WITH_REFERENCE_PATH

executed_action <= action

action = supported_item

supported_item <- action_resource.usage[1]
{action_resource.kind -> action_resource_type
action_resource_type="TOOL_OR_FACILITY’}
action_resource.name

run to ato_aspect (as aspects)

IS MAPPED_TO

PATH

WITH_RULES 20
WITH_REFERENCE_PATH

NRF_run <= executed_action

executed_action <= action

action <- action_assignment.assigned_action
action_assignment => NRF_result_assignment
NRF_result_assignment.resultg[i] -> SIR_aspect

ARM_OBJECT run_sequence

IS MAPPED_TO

NRF_run_sequence USED_FROM NRF
WITH_RULES 24
WITH_REFERENCE_PATH
NRF_run_sequence <= action

run_sequenceto ato_case (asof _case)
IS MAPPED_TO

PATH

WITH_RULES 20
WITH_REFERENCE_PATH
NRF_run_sequence <= action

action <- action_assignment.assigned_action
action_assignment => NRF_run_case
NRF_run_case.case[1] -> SIR_ato_case

ATTRIBUTE id
IS MAPPED_TO
action.name USED_FROM 41

ATTRIBUTE name

IS MAPPED_TO

name_assignment.assigned_name USED_FROM 41
WITH_REFERENCE_PATH

NRF_run_sequence = NRF_named_item

NRF_named_item <- NRF_name_assignment.named_itemg]i]
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NRF_name_assignment <= name_assignment
name_assignment.assigned_name

ATTRIBUTE description

IS MAPPED_TO
action.description USED_FROM 41
WITH_REFERENCE_PATH
NRF_run_sequence <= action
action.description

run_sequencetorun (asruns)

IS MAPPED_TO

PATH

WITH_RULES 25
WITH_REFERENCE_PATH
NRF_run_sequence <= action

action <- action_relationship.relating_action
action_relationship.related_action -> action
action => executed_action

executed_action => NRF_run

5.1.3.19 ARM_OBJECT scalar_in_tensor

IS MAPPED_TO
SIR_scalar_in_tensor USED_FROM SIR

scalar_in_tensor to property_class tensor (astensor)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_scalar_in_tensor.tensor -> SIR_property_tensor

scalar_in_tensor to property_class scalar (asscalar)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_scalar_in_tensor.scalar -> SIR_property _scalar

ATTRIBUTE roles

IS MAPPED_TO

type_qualifier USED_FROM 45
WITH_REFERENCE_PATH
SIR_scalar_in_tensor.roles -> SIR_property_meaning
SIR_property_meaning.rolegfi] -> type_qualifier

5.1.3.20 ARM_OBJECT scan

IS MAPPED_TO
SIR_scan USED_FROM NRF
WITH_RULES 21

scan to ato_aspect (as of_aspect)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_scan <- SIR_aspect.scang[i]
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ATTRIBUTE abscissa value
IS MAPPED_TO
SIR_scan.abscissa value USED_FROM NRF

scan to scan_mask (as mask)
IS MAPPED_TO

PATH
WITH_REFERENCE_PATH
SIR_scan.mask -> SIR_scan_mask

ATTRIBUTE values
IS MAPPED_TO
SIR_scan.values USED_FROM SIR

51321 ARM_OBJECT scan_derivation_procedure

IS MAPPED_TO
NRF_scan_derivation_procedure USED_FROM NRF
WITH_REFERENCE_PATH
NRF_scan_derivation_procedure <= action_method

ATTRIBUTE name
IS MAPPED_TO
action_method.name USED_FROM 41

51322 ARM_OBJECT scan_mask

IS MAPPED_TO
SIR_mask USED_FROM NRF

ATTRIBUTE defined_ranges
IS MAPPED_TO
SIR_mask.defined_ranges USED_FROM NRF

5.1.3.23 ARM_OBJECT scan_of derived_values

IS MAPPED_TO

NRF_derived_scan USED_FROM NRF
WITH_REFERENCE_PATH
NRF_derived_scan <= SIR_scan

scan_of_derived_valuesto scan_derivation_procedure (as derivation_procedure€)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

NRF_derived_scan <- NRF_derivation.results[i]

NRF_derivation <= action_assignment

action_assignment.assigned_action -> action

action.chosen_method -> action_method

action_method => NRF_scan_derivation_procedure

ATTRIBUTE abscissa_start
IS MAPPED_TO
NRF_derived_scan.abscissa_start USED_FROM NRF

ATTRIBUTE abscissa_end
IS MAPPED_TO
NRF_derived_scan.abscissa_end USED_FROM NRF
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5.1.3.24 ARM_OBJECT scan_of _sampled_values

IS MAPPED_TO

NRF_scan_sampled USED_FROM NRF
WITH_REFERENCE_PATH
NRF_scan_sampled <= SIR_scan

5.1.3.25 ARM_OBJECT unit_assignment

IS MAPPED_TO
SIR_unit_assignment USED_FROM SIR

unit_assignment to ato_case (as of _case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_unit_assignment.in_case-> SIR_ato_case

unit_assignment to property_class scalar (asfor_property_class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_unit_assignment.for_property -> SIR_property _scalar

unit_assignment to unit (as assigned_unit)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_unit_assignment.assigned_unit -> unit

514 Mapping Table - parameterized_function UoF
514.1 ARM_OBJECT cyclic_tabular_function
IS_MAPPED_TO

SIR_cyclic_tabular_function USED_FROM SIR

ATTRIBUTE period
IS MAPPED_TO
SIR_cyclic_tabular_function.period USED_FROM SIR

5142 ARM_OBJECT parameterized_function

IS MAPPED_TO
SIR_parameterized function USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_parameterized function.name USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_parameterized_function.description USED_FROM SIR

parameterized_function to property class scalar (asparameter_properties)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_parameterized_function.parametergfi] -> SIR_variable
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parameterized_function to property class scalar (asresult_property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_parameterized_function.result -> SIR_variable

51.4.3 ARM_OBJECT parameterized_function_with_formula

IS MAPPED_TO
SIR_parameterized function USED_FROM SIR

ATTRIBUTE formula

IS MAPPED_TO

mathematical_string.text_representation USED_FROM 13584-42
WITH_REFERENCE_PATH
SIR_parameterized_function.formula-> mathematical_string
mathematical _string.text_representation

ATTRIBUTE language
IS MAPPED_TO
NO MAPPING

ATTRIBUTE creator_tool_or_facility
IS MAPPED_TO
NO MAPPING

5144 ARM_OBJECT polynomial_function

IS MAPPED_TO
SIR_polynomia_function USED_FROM SIR

ATTRIBUTE degree
IS MAPPED_TO
int_literal USED_FROM 13584-20

ATTRIBUTE coefficients
IS MAPPED_TO
real_litteral USED_FROM 13584-20

ATTRIBUTE lower _domain_bounds

IS MAPPED_TO

[comparison_less equal] USED_FROM 13584-20
[literal_number] USED_FROM 13584-20
WITH_REFERENCE_PATH
SIR_polynomial_function.lower_bound_expressiong[i] -> less_or_greater
less_or_greater = comparison_less_equal

comparison_less equal <= comparison_expression
comparison_expression <= hinary_gen_expression
binary_gen_expression.operands] 1] -> generic_expression
generic_expression => generic_litera

generic_literal => litera_number

ATTRIBUTE upper_domain_bounds

IS MAPPED_TO

[comparison_greater_equal] USED_FROM 13584-20
[literal_number] USED_FROM 13584-20
WITH_REFERENCE_PATH
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SIR_polynomial_function. upper_bounds_expressions[i] -> less_or_greater
less or_greater = comparison_greater_equal

comparison_greater_equal <= comparison_expression
comparison_expression <= hinary_gen_expression
binary_gen_expression.operands[1] -> generic_expression
generic_expression => generic_litera

generic_literal => litera_number

5145 ARM_OBJECT tabular_function

IS MAPPED_TO
SIR_tabular_function USED_FROM SIR

ATTRIBUTE parameter_values

IS MAPPED_TO

list_ascending_real_literals USED_FROM SIR
WITH_REFERENCE_PATH

SIR_tabular_function.parameter_valueg[i] -> list_ascending_real_literals

ATTRIBUTE function_values

IS_ MAPPED_TO

list_of_real_literals USED_FROM SIR
WITH_REFERENCE_PATH
SIR_tabular_function.result_values-> SIR_list_of real_litera

ATTRIBUTE interpolation_type
IS MAPPED_TO
SIR_tabular_function.interpolation_type USED_FROM SIR

ATTRIBUTE interpolation_degree
IS MAPPED_TO
SIR_tabular_function.interpolation_degree USED_FROM SIR

515 Mapping Table - date_and_time UoF

5151  ARM_OBJECT calendar_date

IS MAPPED_TO
calendar_date USED_FROM 41

5.15.2 ARM_OBJECT coordinated_universal_time offset

IS MAPPED_TO
coordinated universal_time offset USED_FROM 41

5153 ARM_OBJECT date

IS MAPPED_TO
date USED_FROM 41
WITH_RULES 26, 14

5.154 ARM_OBJECT date and_time

IS MAPPED_TO
date_and_time USED_FROM 41
WITH_RULES 7, 15

5155 ARM_OBJECT local_time

IS MAPPED_TO
local_time USED_FROM 41
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516
5161

516.2

5.16.3

5164

5.1.6.5

5.1.6.6

WITH_RULES mandatory_minute_and_second
Mapping Table - general _support UoF
ARM_OBJECT address

IS MAPPED_TO
address USED_FROM 41

ARM_OBJECT approval

IS MAPPED_TO
approval_status USED_FROM 41
WITH_RULESS, 8, 10, 12

ATTRIBUTE level
IS MAPPED_TO
approval_status.name USED_FROM 41

approval todate and_time (asdate_time)

IS MAPPED_TO

PATH

WITH_RULES7

WITH_REFERENCE_PATH

aproval_status <- approval.status

approval <- approval_date time.dated_approval
approval_date time.date_time -> date_time_select
date_time_select = date_and_time

approval to person_and_organization (asby_person_organization)

IS MAPPED_TO

PATH

WITH_RULES9

WITH_REFERENCE_PATH

aproval_status <- approval .status

approval <- approval_person_organi zation.authorized_approval
approval_person_organization.person_organization -> person_organization_select
person_organization_select = person_and_organization

ARM_OBJECT document

IS MAPPED_TO
document USED_FROM 41

ARM_OBJECT document_type

IS MAPPED_TO
document_type USED_FROM 41

ARM_OBJECT document_usage constraint

IS MAPPED_TO
document_usage constraint USED_FROM 41

ARM_OBJECT organization

IS MAPPED_TO
organization USED_FROM 41
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51.6.7

5.1.6.8

5169

5.1.6.10

516.11

5.16.12

ARM_OBJECT organization_address

IS MAPPED_TO
organizational_address USED_FROM 41

ARM_OBJECT organizational _project

IS MAPPED_TO
organizational_project USED_FROM 41

ARM_OBJECT person

IS MAPPED_TO
person USED_FROM 41
WITH_RULES 16

ARM_OBJECT person_and_organization

IS MAPPED_TO
person_and_organization USED_FROM 41

ARM_OBJECT personal_address

IS MAPPED_TO
personal_address USED_FROM 41

ARM_OBJECT security_classification_level

IS MAPPED_TO
WITH_RULES4, 18
security_classification_level USED_FROM 41
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5.2 AIM EXPRESS short listing

This clause specifies the EXPRESS schema that uses elements from the integrated resources and the
AICs and contains the types, entity specializations, rules, and functions that are specific to this part.
This clause also specifies modifications to the textual material for the constructs that are imported from
the AICs and the integrated resources. The definitions and EXPRESS provided in the integrated
resources for constructs used in the AIM may include select list items and subtypes which are not
imported into the AIM. Requirements stated in the integrated resources which refer to such items and
subtypes apply exclusively to those items which are imported into the AIM.

*)

SCHENMA NRF_schenm,;

USE FROM SI R product _versi on_scheng;

USE FROM SI R par aret eri zed_f unct i on_scheng;
USE FROM SI R _net wor k_nodel _scheng;

USE FROM SI R property_schens;

USE FROM SI R at o_canpai gn_schens;

USE FROM appl i cat i on_cont ext _schema(
pr oduct _cont ext,
product _defini ti on_context,
appl i cati on_protocol _definition

’

USE FROM pr oduct _defi ni ti on_schema(
product _definition

)

USE FROM pr oduct _st ruct ure_schena(
next _assenbl y_usage_occurrence

)

USE FROM product _property_definition_schena(
property_definition

USE FROM product _property_representati on_schena(
property_definition_representation

)

USE FROM nanagenent _r esour ces_schena(
security_classification_assignment,
nane_assi gnrent ,
date_and_ti me_assi gnnent,
appr oval _assi gnrrent,
per son_and_or gani zat i on_assi gnnent ,
acti on_assi gnnent

)

USE FROM docurent _schena(
docunent ,
docunent _t ype,
docunent _usage_constrai nt

)

USE FROM security_cl assificati on_schena(
security_classification_|evel

)

USE FROM appr oval _schena(
appr oval ,
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approval _date_tine,
appr oval _per son_or gani zati on,
approval _status

USE FROM act i on_schemna(
action,
acti on_rret hod,
execut ed_acti on,
action_resource,
action_rel ati onship

)

USE FROM per son_or gani zat i on_schena(
addr ess,
per sonal _address,
or gani zat i onal _addr ess,
or gani zat i on,
per son,
per son_and_or gani zati on

)

USE FROM dat e_t i ne_schema(
date and_ti ne,
cal endar _dat e,

coor di nat ed_uni versal _ti ne_of f set,

local _time

)
USE FROM neasur e_scheng,;

USE FROM | SO 13584 _expr essi ons_schema(
int literal,
i nt_numeric_vari abl e,
real _nuneric_variabl e,
power _expr essi on,
pl us_expr essi on,
mul t _expressi on

)

(*
NOTES:
1) The schemas referenced above can be found in the following Parts :
Schema name Part
appl i cati on_cont ext _schema SO 10303-41
measur e_schena SO 10303-41
product _property_definition_schema SO 10303-41
managenent _r esour ces_schena 1SO 10303-41
product _property_representation_schema SO 10303-41
docurent _schena SO 10303-41
product _defi ni ti on_schena SO 10303-41
per son_or gani zat i on_schena SO 10303-41
date_ti me_schena SO 10303-41
| SO 13584 expressi ons_schena SO 13584-20
SI R _product _versi on_schenma SIR
SI R paranet eri zed_f uncti on_schena SIR
SI R _net wor k_nodel _schenma SIR
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521

5.2.2

5.2.3

524

525
5251

Schema name Part
SIR property_schema SIR
SI R _at o_canpai gn_schena SIR

Fundamental concepts and choices

This subclause contains normative statements about the way to create valid instances of entities defined
in the AIM schema. Other explanations and advices are provided in the informative annex K.

Parameters and result of functions

The parameters and the result of a parameterized function are considered in this protocol as variables.
The definition of a variable of a function has several aspects. A variable has a formal identification
suitable for the expression of the function (e.g. y=F(x) ). It has also a semantics associating it with a
quantity.

The identification of a variable shall be mapped as a subtype of humeric variable (defined in 1SO
13584-20). The semantics shall be defined, in the context of this protocol, as a reference to a
SIR_property_usage.

The combination of both aspects shall be transferred using SIR_variable.

Polynomial functions

The resources used to map the application object have a structure quite different from the structure
proposed in the ARM.

A polynomia function shall be mapped as an instance of SIR_polynomial_function.

The polynom shall be transferred as an instance of numeric_expression where the components of the
polynom shall be mapped using

- plus_expression, mult_expression, power_expression for the operations
- subtypes of literal_number for the coefficients,

- SIR_variablefor the formal parameters,

- comparison_less equal to describe the lower bounds,

- comparison_greater _equal to describe the upper bounds.

For the bounds, the first operand of the expression shall be a subtype of literal_number, the second
shall be a SIR_variable defined as one of the parameters of the function.

The degree of the polynomial shall appear in apower_expression asanint_literal.

Properties
This protocol distinguishes the definition of a class of property and its usage in a given context.

For example, Length is a class of property; Radius is a usage of the class of property Length in a
context where some axisymmetric geometry is described.

In this protocol, the context of usage of a property class shall be an ato_case.

Therefore, aclass of property shall be transferred as a subtype of SIR_property_classand ausage of a
property class shall be transferred asa SIR_property _usage.

NRF_schema type definitions
security_classified_item

The security_classified_item type provides amechanism to refer to the entities that can have a security
classification level associated with.

EXPRESS specification:

*
)

TYPE security classified_item= SELECT (
SI R nodel ,
SI R _node,
SI R_node_rel ati onshi p,
Sl R aspect,
SI R _at o_canpai gn,
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5252

5253

5254

5255

5.2.6
5261

SI R at o_case,
SI R at o_phase

)
END_TYPE;

(*
dated_item

The dated_item type provides a mechanism to refer to the entities that can have a date associated with.
EXPRESS specification:

*

TYPE dated_item = SELECT (
SI R _at o_canpai gn,
NRF_run
);

END _TYPE,

-

approved_item

The approved_item type provides a mechanism to refer to the entities that can have an approval
associated with.

EXPRESS specification:

*)

TYPE approved_item = SELECT (

SI R at o_canpai gn

),
END_TYPE;

(*
sourced_item

The sourced_item type provides a mechanism to refer to the entities that are associated with an
information defining a contact person.
EXPRESS specification:
*
)
TYPE sourced_item = SELECT (
SI R _at o_canpai gn

)
END_TYPE;

(*
named_item

The named_item type provides a mechanism to refer to the entities that can have a name associated
with, with using NRF_name_assignment.
EXPRESS specification:

TYPE naned_item = SELECT (
NRF_run,
NRF_run_sequence
)
END_TYPE;
(*
NRF_schema entity definitions
NRF_security assignment

A NRF_security _assignment isakind of security classification_assignment that enablesto assign a
security _classification_level to security classified_items.

EXPRESS specification:

*

ENTI TY NRF_security_assi gnnment
SUBTYPE OF (security classification_assignment);
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5.26.2

5.2.6.3

5264

itens: SET[1:?] OF security classified_ item
WHERE
WRL:
SELR security_cl assification_assi gnnent. assigned security_classification.security_
l evel . nane IN
[“unclassified , classified , ' proprietary’,’ confidential’,’ secret’,’top_secret’];
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of security classified_item to which a security level is assigned.

Formal proposition:
WR1: the name of the security level assigned to items shall be one of the following values:
‘unclassified’, classified’, proprietary’, confidential’, secret’,'top_secret’.

NRF_date _assignment

A NRF_date assignment is a kind of date and_time assignment that enables to assign a
date_and_timeto dated_items.

EXPRESS specification:

*
ENTI TY NRF_dat e_assi gnnent
SUBTYPE OF (date_and_ti ne_assi gnnent);
itens: SET[1:?] OF dated_item
END_ENTI TY;
(*
Attribute definitions:
items: specifiesaset of dated_itemsto which adate and_timeis assigned.

NRF_approval_assignment

A NRF_approval_assignment isakind of approval_assignment that enables to assign an approval
to approved_items.

EXPRESS specification:
ENTI TY NRF_appr oval _assi gnment
SUBTYPE CF (approval _assi gnment);
itens: SET[1:?] OF approved_item
END_ENTI TY:
(*
Attribute definitions:
items: specifies a set of approved_itemsto which an approval is assigned.

NRF_contact_assignment

A NRF_contact_assignment is a kind of person_and_organization_assignment that enables to
identify a contact for asourced_items.
EXPRESS specification:

*
ENTI TY NRF_cont act _assi gnnent
SUBTYPE OF (person_and_or gani zati on_assi gnrrent ) ;
itens: SET[1:?] CF sourced_item
WHERE
WRL: SELR person_and_or gani zat i on_assi gnnent . r ol e. name=" cont act _per son/
organi zation’;
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of sourced_itemsto which a contact person_and_organization is assigned.
Formal proposition:

WR1: therole of the assigned person_and_organization shall be ‘ contact_person/organization’.
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5.2.6.5 NRF_name_assignment
A NRF_name assignment is a kind of name assignment that enables to assign a name to
named_items.
EXPRESS specification:
ENTI TY NRF_nare_assi gnnent
SUBTYPE OF (nane_assi gnnent);
itens: SET[1:?] OF named_item
END _ENTI TY:
(*
Attribute definitions:
items: specifiesa set of named_itemsto which anameis assigned.
5.2.6.6 NRF_model_product_relationship
A NRF_model_product_relationship is a kind of property_definition_representation that enables to
associate a SIR_model of of a constituent of a SIR_model with a product_definition, in order to
specify that this representation or this element of representation represents a particular product.
EXPRESS specification:
ENTI TY NRF_nodel _product _rel ati onshi p
SUBTYPE OF (property definition_representation) ;
WHERE
WRL:
SELR property_definition_representation.definition. name="product_description_for_a
to';
WR2: ' NRF_SCHENMA. PRCDUCT_DEFINTION I N
TYPECH( SELF\ property_definition_representation.definition.definition);
WR3: (' NRF_SCHEMA SIR MCDEL' IN
TYPECQF( SELR\ property_definition_representation.used_representation)) XCOR
((SI ZECF( SELR\ property_definition_representation. used_representation.itens)=1)
AND
(Sl ZEGH([ ' NRF_SCHENMVA SI R_NCDE' , ' NRF_SCHENMA. SI R_NCDE_RELATI ONSH P, ' NRF_SCHEMA. SIR_
SUBMCDEL_USAGE | * TYPECH( SELR\ property_definition_representation. used_representatio
n.items[1]))=1));
ND_ENTI TY:
(*
Formal propositions:
WR1: the name of the property_definition referred to by the NRF_model_relationship shall be
'product_description_for_ato';
WR2: the property_definition referred to by the NRF_model_relationship shall be a property of a
product_definition;
WRS3: the representation referred to by the NRF_model_relationship shall be a SIR_model or it shall
contain only one element in items and the only element of items shall be of type SIR_node or
SIR_node relationship or SIR_submodel_usage.
5.2.6.7 NRF_run
A NRF_runisakind of executed_action made with the dataof aSIR_ato_phase.
EXPRESS specification:
ENTI TY NRF_run
SUBTYPE OF (executed_action);
DERI VE
run_nane: SET CF | abel := get_nanmes( SELF);
creator_tool _or_facility: SET CF action_resource: = get_tool s( SELF);
timestanp: SET OF date_and_time := get_timestanps(SELF);
| N\VERSE
subj ect _associ ation: NRF_run_phase FOR assi gned_acti on;
resul ts_association: NRF_run_results FCR assigned_acti on;
UNL QUE
URL: SELF action. name, subject_associ ati on;
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5.2.6.8

5.2.6.9

5.2.6.10

WHERE
WRL: SI ZEGF(run_nane) = 1;
WR2: Sl ZECH(creator_tool _or_facility) = 1;
WR3: S| ZECH(ti mestanp) = 1;

END_ENTI TY;

(*

Attribute definitions:

run_name: specifies a set of labels assigned to the NRF_run;
creator_tool_or_facility: specifies a set of action_resource that refer to the NRF_run;
timestamp: specifies aset of date_and_time assigned to the NRF_run;
subject_association: specifiesthe NRF_run_phase that refersto the NRF_run;
results association: specifiesthe NRF _run_resultsthat refersto the NRF_run.
Formal propositions:

URZ1: there shall not be more than one NRF_run with the same id and subject;
WR1: there shall be exactly onelabel assigned to the NRF_run asrun_name;
WR2: there shall be at most one action_resour ce assigned to the NRF_run;
WR3: there shall be exactly one date_and_time assigned to the NRF_run.

NRF_run_phase

A NRF_run_phase is akind of action_assignment that associates a NRF_run with the SIR_phase
that is the subject of the run.
EXPRESS specification:

ENTI TY NRF_run_phase
SUBTYPE OF (action_assignnent);
subj ect: SIR ato_phase;
SELR acti on_assi gnrent . assi gned_acti on: NRF_run;
END_ENTI TY:
(*
Attribute definitions:
subject: specifiesthe SIR_phase for which the NRF_run has been executed.

SEL F\action_assignment.assigned_action: specifies the considered NRF_run;

NRF_run_results

A NRF_run_resultsisakind of action_assignment that associates a NRF_run with the SIR_aspect
that results from the run.

EXPRESS specification:

*

ENTI TY NRF_run_resul ts
SUBTYPE CF (action_assignment);
results: SET[1:?] COF SIR aspect;
SELF\ act i on_assi gnnent . assi gned_acti on: NRF_run;
END_ENTI TY;
(*
Attribute definitions:
results: specifiesthe SIR_aspectsthat result from the NRF_run.
SEL F\action_assignment.assigned_action: specifies the considered NRF_run;
Formal propositions:

WR1: the assigned action shall beaNRF_run.

NRF_run_sequence

A NRF_run_sequence is a kind of action that collects a set of one or more NRF_runs dealing with
SIR_phases belonging to the same SIR_ato_case.

EXPRESS specification:

*

ENTI TY NRF_run_sequence
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52611

5.2.6.12

SUBTYPE CF (action);

DER VE
sequence_name: SET CF | abel := get_nanes( SELF);

I NVERSE
subj ect _associ ati on: NRF_run_sequence_case FCR assigned_acti on;
sequence: SET[1:7?] OF NRF_run_in_sequence FCR rel ating_action;

UNL QUE
URL: SELF action. name, subject_associ ati on;
WHERE
WRL: S| ZEGF(sequence_nane) = 1;
END_ENTI TY:
(*

Attribute definitions:
sequence_name: specifies a set of labels assigned to the NRF_run;
subject_association: specifiesthe NRF_run_sequence case that refersto the NRF_run_sequence;

sequence: specifies a set of one or more NRF_run_in_sequences that specify the NRF_runsthat are
included in the NRF_run_sequence.

Formal propositions:

URZ1: there shall not be more than one NRF_run_sequence with the same SEL F\action.name and
subject;

WR1: there shall be exactly one label assigned to the NRF_run_sequence as sequence_name;

NRF_run_sequence case

A NRF_run_sequence case is a kind of action_assignment that associates a NRF_run_sequence
with the SIR_ato_case that is the subject of the runs included in the sequence.

EXPRESS specification:

*

ENTI TY NRF_run_sequence_case
SUBTYPE CF (action_assignment);
subj ect: SIR ato_case;
SELF\ acti on_assi gnnent . assi gned_acti on: NRF_run_sequence;
END_ENTI TY;
G
Attribute definitions:
subject: specifiesthe SIR_ato_case for which the NRF_run_sequence has been executed;

SEL Flaction_assignment.assigned_action: specifies the considered NRF_run_sequence;
NRF_run_in_sequence

A NRF_run_in_sequence is a kind of action_relationship that associates a NRF_run with the
NRF_run_sequence that it is amember of.

EXPRESS specification:
*
ENTI TY NRF_run_i n_sequence
SUBTYPE COF (action_rel ationship);
SELR\ action_rel ati onshi p.rel ating_acti on: NRF_run_sequence;
SELR\ action_rel ati onshi p.rel ated_acti on: NRF_run;
WHERE
WRL: related_action. subj ect _associ ati on. subj ect. of _case : =
rel ating_action. subj ect _associ ati on. subj ect;
END_ENTI TY;
(*
Attribute definitions:
SEL F\action_relationship.relating_action: specifiesthe considered NRF_run_sequence;

SEL F\action_relationship.related_action: specifies a NRF _run that is a member of the
NRF_run_sequence.
Formal propositions:

WR1: the SIR_ato_phase, subject of the related NRF_run shall refer to the SIR_ato_case that isthe
subject of the NRF_run_sequence.
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5.2.6.13

526.14

5.2.6.15

5.2.6.16

NRF_scan_sampled

A NRF_scan_sampled isakind of SIR_scan where the values are recorded at one particular value of
the abscissa.

EXPRESS specification:
ENTI TY NRF_scan_sanpl ed
SUBTYPE OF (SIR scan);

WHERE
WRL: SELR SIR scan. aspect.lifetine <> invariant;
WR2: EXI STS( SELR\ SI R _scan. absci ssa_val ue) ;

END _ENTI TY;

( *

Formal proposition:

WR1: aninstance of NRF_scan_sampled shall not exist if the lifetime of the associated SIR_aspect is
invariant

WR2: the attribute abscissa value shall be specified for any instance of NRF_scan_sampled.
NRF_scan_derived

A NRF_scan_derived is a kind of SIR_scan where the recorded values have been obtained from a
derivation procedure.
EXPRESS specification:

ENTI TY NRF_scan_deri ved
SUBTYPE CF (SIR scan);
I NVERSE
derivation: NRF_derivation_result FOR result;
END_ENTI TY;
(*
Attribute definitions:
derivation: specifiesthe NRF_derivation_result that specifiesthe NRF_derivation that produced the
NRF_scan_derived.

NRF_derivation_procedure

A NRF_derivation_procedureisakind of action_method that defines a method that may be used to
obtain NRF_scan_derived.
EXPRESS specification:

*
ENTI TY NRF_deri vati on_procedure
SUBTYPE CF (action_net hod);
UN QUE
URL: SELF acti on_net hod. nane;
END_ENTI TY;
(*
Formal proposition:
URZ1: the name of the NRF_derivation_procedur e shall be unique in the exchange dataset.

NRF_derivation_result

A NRF_derivation_result is a kind of action_assignment that associates the NRF_scan_derived
with the NRF_derivation that produced it.

EXPRESS specification:

*

ENTI TY NRF_derivation_result
SUBTYPE CF (action_assignment);
result: NRF_scan_derived;
SELF\ act i on_assi gnnent . assi gned_acti on: NRF_derivation;
END_ENTI TY:
(*
Attribute definitions:
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result: specifiesthe NRF_scan_derived that results from the derivation;

SEL F\action_assignment.assigned_action: specifies the NRF_derivation that produced the
NRF_scan_derived.

5.26.17 NRF_derivation_bounds
A NRF_derivation_boundsisakind of action_assignment that associates the bounds of the abscissa
used to get aNRF_scan_derived with the action of derivation.
EXPRESS specification:
ENTI TY NRF_deri vat i on_bounds
SUBTYPE COF (action_assignment);
bounds: SET[1:2] OF SIR nunber_or_string;
SELF\ acti on_assi gnnent . assi gned_acti on: NRF_derivation;
END_ENTI TY:
(*
Attribute definitions:
result: specifiesthe NRF_scan_derived that results from the derivation;
SEL F\action_assignment.assigned_action : specifies the NRF_derivation that used the bounds for
the derivation.
5.2.6.18 NRF_derivation
A NRF_derivation isakind of executed_action that produced aNRF_scan_derived.
EXPRESS specification:
ENTI TY NRF _derivation
SUBTYPE COF (executed_action) ;
SELR acti on. chosen_net hod: NRF_deri vati on_procedur e;
| NVERSE
bounds_associ ati on: NRF_derivati on_bounds FCR assi gned_acti on;
result _associ ation: NRF_derivation_result FCR assigned_acti on;
END _ENTI TY;
(*
Attribute definitions:
SEL F\action.chosen_method: specifies the NRF_derivation_procedure used to obtain the derived
scan;
bounds_association: specifies the NRF_derivation_bounds that specifies the bounds considered for
the derivation;
result_association: specifies the NRF_derivation_result that specifies the NRF_scan_derived that
results form the derivation;
5.2.7 NRF_schema rule definitions
5271 ato_campaign_requires creation_date
The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall be referred to by one instance of NRF_date assignment that relatesit to its creation date.
EXPRESS specification:
*)
RULE at o_canpai gn_requires_creati on_date FCR (Sl R at o_canpai gn,
NRF_dat e_assi gnnent ) ;
WHERE
WRL: S| ZEOF( QUERY(obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nda <*
NRF_dat e_assi gnnment| (obj INnda.itens) AND (nda.rol e.nane = ‘creation_date')))<>1
))=0;
END RULE;
(*
Argument definitions:
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign;
NRF_date assignment: specifiesthe set of all instances of NRF_date _assignment.
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5.2.7.2

5273

5274

Formal proposition:

WR1: there shall not be any instance of SIR_ato_campaign that shall not be referred to by exactly one
NRF_date assignment having therole ‘creation_date’.

ato_campaign_requires_contact

The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall be referred to by one instance of NRF_contact_assignment that relates it to a contact person/
organization.

EXPRESS specification:

*

RULE at o_canpai gn_requi res_contact FCR (SI R at o_canpai gn, NRF_contact_assi gnnent);
WHERE
WRL: S| ZEOF( QUERY(obj <* SIR at o_canpai gn| Sl ZEGF( QUERY(nca <*
NRF_contact _assignnent | obj INnca.itens))<>1 ))= 0;
END RULE;
G
Argument definitions:
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign;

NRF_contact_assignment: specifies the set of all instances of NRF_contact_assignment;

Formal proposition:
WR1: there shall not be any instance of SIR_ato_campaign that shall not be referred to by exactly one
NRF_contact_assignment.

at_most_one modification_date

The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall bereferred to by at most one instance of SIR_ato_campaign that relates it to a modification date.

EXPRESS specification:
*)
RULE at _nost _one_nodification_date FCR (SI R at o_canpai gn, NRF_date_assi gnrent) ;
WHERE

WRL: Sl ZEOF( QUERY(obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nda <*
NRF_dat e_assignnment| (obj IN nda.itens) AND (nda.role.name =
‘last_modification_date')))>1))= 0;
END RULE;
(*
Argument definitions:
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign;
NRF_date assignment: specifiesthe set of all instances of NRF_date assignment.
Formal proposition:

WR1: there shall not be any instance of SIR_ato_campaign that shall not be referred to more than one
NRF_date assignment having therole ‘last_modification_date’.

at_most_one _security level

The rule at_most_one _security level specifies that each instance of SIR_model, SIR_node,
SIR_node relationship, SIR_ato_campaign, SIR_ato_case and SIR_ato_phase shall be referred to
by at most one instance of NRF_security _assignment that relatesit to a security level.

EXPRESS specification:
*
)

RULE at _rost _one_security level FOR (SIR nmodel, SIR node, SIR node_rel ationship,
SIR aspect, SIR ato_canpai gn, SIR ato_case, SIR ato_phase,
NRF_security_assi gnnent);
WHERE

WRL: S| ZEOF( QUERY( obj <* SI R nodel | Sl ZEOF( QUERY(nsa <*
NRF_security_assignnent | obj INnsa.itens))>1 ))= 0;

WR2: S| ZEOF( QUERY(obj <* SI R_node| Sl ZECF( QUERY(nsa <* NRF_security_assi gnment
| obj INnsa.itens))>1))= 0;

WR3: S| ZECF( QUERY(obj <* SI R node_rel ati onshi p| Sl ZEOF( QJERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;
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WR4: Sl ZEOF( QUERY(obj <* SI R at o_canpai gn| S| ZECGF( QUERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;

WRS: Sl ZECF( QUERY(obj <* SIR ato_case| Sl ZECF( QJERY(nsa <*
NRF_security_assignnent | obj INnsa.itens))>1 ))= 0;

WR6: Sl ZEGF( QUERY(obj <* SI R at o_phase| Sl ZEGF( QUERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= O;
END RULE;
(*
Argument definitions:
SIR_modél: specifiesthe set of al instances of SIR_model.
SIR_node: specifiesthe set of al instances of SIR_node.
SIR_node _relationship: specifies the set of all instances of SIR_node_relationship.
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign.
SIR_ato_case: specifiesthe set of all instancesof SIR_ato_case.
SIR_ato_phase: specifiesthe set of all instances of SIR_ato_phase.
NRF_date assignment: specifiesthe set of all instances of NRF_date_assignment.
Formal proposition:
WR1: there shall not be more than one security level assigned to aSIR_model;
WR2: there shall not be more than one security level assigned to aSIR_node;
WRS3: there shall not be more than one security level assigned to aSIR_node _relationship;
WRA4: there shall not be more than one security level assignedto aSIR_ato_campaign;
WR5: there shall not be more than one security level assignedto aSIR_ato_case;

WRG6: there shall not be more than one security level assignedto aSIR_ato_phase;

5275 application_context_requires _ap_definition
The rule application_context_requires ap_definition specifies that any instance of
application_context shall be referred to by exactly one instance of application_protocol _definition.
EXPRESS specification:
*)
RULE application_context_requires_ap_definition FOR
(application_context, application_protocol _definition);
WRL: SI ZECF (QUERY (ac <* application_context |
NOT (Sl ZEGF (QUERY (apd <* application_protocol _definition | ac :=:
apd. application)) =1))) =0;
END RULE, -- application_context_requires_ap_definition
(*
Argument definitions:
application_context: specifies the set of all instances of application_context.
application_protocol_definition: specifies the set of al instances of
application_protocol_definition.
Formal proposition:
WR1: there shal not be any instance of application_context that is not referred to by exactly one
instance of application_protocol_definition.
5276 approval_requires_approval_date_time
The rule approval_requires approval_date time specifies that each instance of approval shall
be referred to by exactly one instance of approval_date time.
EXPRESS specification:
*)
RULE approval _requires_approval _date tine FCR (approval,
approval _date_tine);
WHERE
WRL: SIZECF (QUERY ( app <* approval |
NOT (Sl ZECF (QUERY (adt <* approval _date_time |
app : = adt.dated_approval)) =1))) = 0;
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5.2.7.7

5278

5.2.7.9

END RULE, -- approval requires_approval date_tinme

(*

Argument definitions:

approval: specifies the set of al instances of approval.

approval_date time: specifies the set of all instances of approval_date time.
Formal proposition:

WR1: there shall not be any instance of approval that is not referred to by exactly one
approval_date time.

approval_date time _requires date time

The rule approval_date time requires date time specifies that each instance of
approval_date time shall refer to an instance of date_and_time.

EXPRESS specification:

*)

RULE approval _date_time_requires_date tine FOR (approval _date time);

WRL: SIZECF (QUERY ( app <* approval _date_tine |
NOT (* NRF_SCHEMA. DATE_AND TIME | N TYPECR(app. date_tine)))) = O;
END RULE;
(*
Argument definitions:
approval_date time: specifiesthe set of all instances of approval_date time.
Formal proposition:

WR1: there shall not be any instance of approval_date_time that does not refer to adate and_time.

approval_requires_approval_person_organization

The rule approval_requires approval_person_organization specifies that each instance of
approval shall bereferred to by exactly one instance of approval_person_organization.
EXPRESS specification:
*)
RULE approval _requi res_approval _person_organi zati on FCR (approval ,
appr oval _person_organi zati on);

WRL: SIZECF (QUERY (app <* approval |
NOT (Sl ZECF (QUERY (apo <* approval _person_organi zation |
app :=: apo.authorized_approval)) =1))) = 0;
END RULE; -- approval _requires_approval _person_organi zati on
(*
Argument definitions:
approval: specifies the set of all instances of approval.
approval_person_organization: specifies the set of all instances of approval_person_organization.
Formal proposition:
WR1: there shall not be any instance of approval that is not referred to by exactly one
approval_person_organization.

approval_person_organization_requires_person_organization

The rule approval_person_organization_requires person_organization specifies that each
instance of approval_person_organization shall refer to an instance of person_and_organization.

EXPRESS specification:
*

)
RULE appr oval _per son_or gani zati on_r equi res_per son_or gani zati on FCR
(approval _person_organi zation);
WHERE

WRL: SI ZECF (QUERY ( app <* approval _person_organi zation |
NOT (‘ NRF_SCHEMA PERSCN_AND CRGAN ZATION I N

TYPECF( app. per son_organi zation)))) = 0;
END RULE;
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( *

Argument definitions:

approval_person_organization: specifies the set of all instances of approval_person_organization.
Formal proposition:

WRL1: there shall not be any instance of approval_person_organization that does not refer to a
person_and_organization.

52.7.10 approvals are assigned

The rule approvals are assigned specifies that each instance of approval shall be referred to at
least one instance of NRF_approval_assignment that relates it to the approved objects.
EXPRESS specification:
*)
RULE approval s_are_assi gned FCR
(approval , NRF_approval _assi gnrment);
WHERE
WRL: S| ZECF (QUERY (app <* approval |
NOT (Sl ZECF (QUERY (aa <* NRF_approval _assi gnrment |
app :=: aa.assigned_approval )) >=1))) = 0;
END RULE;, -- approval s_are_assi gned
(*
Argument definitions:
approval: specifies the set of all instances of approval.

NRF_approval_assignment: specifies the set of all instances of NRF_approval_assignment.
Formal proposition:

WR1: there shall not be any instance of approval that is not referred to by at least one
NRF_approval_assignment.

52711 component_sequence _requires_aspect

The rule component_sequence requires aspect specifies that each instance of
SIR_component_sequence shall be referred to by at least one SIR_aspect.

EXPRESS specification:
*)
RULE conponent _sequence_r equi res_aspect FCR (Sl R_conponent _sequence) ;
WHERE
WRL: SI ZEOF(USEDI N( SELF, ' NRF_SCHENA. SI R_ASPECT. COVPONENT_SEQUENCE )) >0;
END RULE;
( *
Argument definitions:
SIR_component_sequence: specifiesthe set of all instances of SIR_component_sequence.

Formal proposition:
WR1: any SIR_component_sequence shall be referred to by at least one SIR_aspect.

52712 dependent_instantiable _approval_role

The rule dependent_instantiable_approval_role specifies that each instance of approval_role
shall be referred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nstanti abl e_approval _rol e FCR (approval _rol e);
WHERE

WRL: SIZECF (QUERY (dtr <* approval _role |

NOT (Sl ZECF (USEDIN (dtr, '')) >=1))) = 0;

END RULE;
(*
Argument definitions:
approval_role: specifiesthe set of all instances of approval_role.

Formal proposition:
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527.13

52714

5.2.7.15

5.2.7.16

WRZ1: there shall not be any instance of approval_role that is not referred to by at least one instance.
dependent_instantiable approval_status

The rule dependent_ instantiable approval_status specifies that each instance of
approval_status shall be referred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nst anti abl e_approval _status FCR (approval _status);
WHERE
WRL: SIZEGF (QUERY (ast <* approval _status |
NOT (Sl ZEGF (USEDIN (ast, '')) >=1))) = 0;
END RULE, -- dependent _i nstanti abl e_approval _status
(*
Argument definitions:
approval_status: specifies the set of all instances of approval_status.
Formal proposition:

WR1: any instance of approval_status shall be referred to by at least one instance.

dependent_instantiable date

Therule dependent_instantiable_date specifies that each instance of date shall be referred to by at
least an instance of date and_time.
EXPRESS specification:
RULE dependent _i nstanti abl e_date FOR (date);
WHERE
WRL: SI ZEOF (QUERY (dt <* date |
NOT (S| ZEOF(USEDI N (dt, ‘ NRF_SCHEMA DATE_AND Tl ME. DATE_COVMPONENT' )) >= 1)))

I(EN%’_RU_E; -- dependent _i nstanti abl e_dat e

Argument definitions:

date: specifiesthe set of all instances of date.

Formal proposition:

WR1: there shall not be any instance of date that is not referred to by at least one instance of
date_and_time.

dependent_instantiable date time role

The rule dependent_instantiable_date_time_role specifies that each instance of date_time role
shall be referred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nstanti able_date_time_role FOR (date_tine_role);
WHERE
WRL: SI ZECF (QUERY (dtr <* date_tine_role |
NOT (SIZECQF (USEDIN (dtr, '')) >=1))) =0;
END RULE; -- dependent _instantiable_date_time_role
(*
Argument definitions:
date_time role: specifiesthe set of al instances of date time role.

Formal proposition:
WR1: there shall not be any instance of date time rolethat is not referred to by at least one instance.

dependent_instantiable person

The rule dependent_instantiable_per son specifies that each instance of per son shall be referred to
by at least an instance of person_and_organization.

EXPRESS specification:
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*

RULE dependent _i nstanti abl e_person FCR (person);
WHERE
WRL: S| ZEOF(USEDI N( SELF, ' NRF_SCHEMA. PERSON AND ORGAN ZATI ON THE_PERSON ))
>0;
END RULE;
(*
Argument definition:
per son: specifies the set of al instances of person.
Formal proposition:

WRL1: any instance of person shall be referred to by at least one person_and_organization.

5.2.7.17 dependent_instantiable person_and_organization_role
The rule dependent_instantiable person_and_organization_role specifies that each instance
of person_and_organization_role shall bereferred to by at least another instance.
EXPRESS specification:
RULE dependent _i nst anti abl e_person_and_or gani zati on_rol e FCR (
per son_and_or gani zati on_rol e);
WHERE
WRL: SI ZECF (QUERY (poar <* person_and_organi zation_rol e |
NOT (Sl ZECF (USEDIN (poar, '')) >=1))) = 0;
END RULE, -- dependent _i nstanti abl e_person_and_organi zati on_rol e
(*
Argument definitions:
person_and_organization_role: specifies the set of all instances of person_and_organization_role.
Formal proposition:
WR1: there shall not be any instance of person_and_organization_role that is not referred to by at
least one instance.
5.2.7.18 dependent_instantiable security classification_level
The rule dependent_instantiable_security_classification_level specifies that each instance of
security_classification_level shall be referred to by at least another instance.
EXPRESS specification:
RULE dependent _i nstanti abl e_security classification_|level FCOR
(security_classification_|evel);
WRL: SI ZECF (QUERY (scl <* security_classification_|level |
NOT (SIZECF (USEDIN (scl, '')) >=1))) = 0;
END RULE, -- dependent _instantiabl e _security_cl assification_| evel
(*
Argument definitions:
security_classification_level: specifies the set of all instances of security classification_level.
Formal proposition:
WRL1: there shall not be any instance of security_classification_level that is not referred to by at least
oneinstance.
5.2.7.19 dependent_instantiable type qualifier
The rule dependent_instantiable type qualifier specifies that each instance of type qualifier
shall bereferred to by at least another instance.
EXPRESS specification:
RULE dependent _i nstantiabl e_type qualifier FOR (type_qualifier);
WHERE
WRL: SI ZECF (QUERY (poar <* type_qualifier|
NOT (Sl ZECF (USEDIN (poar, '')) >=1))) = 0;
END RULE;
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5.2.7.20

52721

5.2.7.22

( *

Argument definitions:

type qualifier: specifiesthe set of al instances of type qualifier.

Formal proposition:

WR1: there shall not be any instance of type _qualifier that is not referred to by at least one instance.

exclusive_subtypes action_assignment

The rule exclusive subtypes action_assignment specifies that any instance of
action_assignment shall be ether a NRF_run_phase, a NRF_run_results, a
NRF_run_sequence _case, aNRF_derivation_result or aNRF_derivation_bounds.

EXPRESS specification:

R{J_E excl usi ve_subt ypes_acti on_assi gnment FCR (acti on_assi gnrent) ;

WHERE

WRL: SI ZEGF (QUERY (act <* action_assignrment |
Sl ZECF([* NRF_SCHEMA. NRF_RUN_PHASE , ' NRF_SCHEMA. NRF_RUN_RESULTS , ' NRF_SCHENVA. NRF_RU
N SEQUENCE CASE , ‘ NRF_SCHEMA NRF_DERI VATI ON RESULT
“ NRF_SCHEMA. NRF_DER! VATI ON_BOUNDS | * TYPECF(act) ) <>1)) = 0;
END RULE;
-
Argument definitions:
action_assignment: specifies the set of all instances of action_assignment.

Formal proposition:

WR1: there shal not be any instance of action_assignment that is not an instance either of
NRF_run_phase or of NRF_RUN results or of NRF_run_sequence case or of
NRF_derivation_result or of NRF_derivation_bounds.

exclusive_subtypes of _scan

Therule exclusive_subtypes of _scan specifiesthat an instance of NRF_scan_derived shall not be
simultaneously an instance of NRF_scan_sampled.

EXPRESS specification:

*

RULE excl usi ve_subtypes_of _scan FOR (SIR scan) ;
WHERE

WRL: Sl ZEOF( QUERY(ss <* SIR scan |

(((" NRF_SCHEMA. NRF_SCAN DERI VED ) | N TYPECF(ss)) AND
((" NRF_SCHEMA. NRF_SCAN SAMPLED ) I N TYPECK(ss))) )) =0;
END RULE;
( *
Argument definitions:
SIR_scan: specifies the set of al instances of SIR_scan.
Formal propositions:

WR1: any instance of SIR_scan shall not be simultaneously an instance of SIR_scan_derived and an
instance of SIR_scan_sampled.

product_requires_version

Therule product_requires version specifies that any instance of product shall be referred to by at
least one SIR_product_version.
EXPRESS specification:
RULE product _requi res_versi on FCR (product, SIR product_version);
WHERE
WRL: SI ZECF (QUERY (prod <* product |
NOT (Sl ZECF (QUERY (pdf <* SIR product _version |
prod :=: pdf\product_definition formation.of _product )) >=1))) =0;
END RULE; -- product _requires_version
(*
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Argument definitions:

product: specifiesthe set of all instances of product.

SIR_product_version: specifies the set of al instances of SIR_product_version.
Formal proposition:

WR1: there shall not be any instance of product that is not referred to by at least one
SIR_product_version.

5.27.23 model_requires_definition
The rule model_requires_definition specifies that any instance of SIR_model shall be referred to
by at least one NRF_model_product_relationship.
EXPRESS specification:
RULE nodel _requires_definition FOR (SI R nodel, NRF_nodel _product _rel ati onshi p);
WHERE
WRL: Sl ZEOF(QUERY(sm <* SI R nodel | Sl ZECF( QUERY( nnpr <*
NRF_nodel _product _relationship | sm:=:
nnpr\ property_definition_representation.used_representation))=0))=0;
END RULE;
(*
Argument definitions:
SIR_modd: specifiesthe set of al instances of SIR_model.
NRF_model_product_relationship: specifies the set of al instances of
NRF_model_product_relationship.
Formal proposition:
WR1: there shall not be any instance of SIR_model that is not referred to by at least one instance of
NRF_model_product_relationship.
5.2.7.24 subtype mandatory_action
The rule subtype_mandatory_action specifies that only instances of the subtypes of action are
permitted.
EXPRESS specification:
RULE subt ype_mandat ory_action FCR (action);
WHERE
WRL: Sl ZEGF (QUERY (act <* action |
SI ZECF([' NRF_SCHEMA. NRF_RUN , ' NRF_SCHEMA. NRF_RUN_SEQUENCE ,
“ NRF_SCHEMA. NRF_DER! VATI ON ] * TYPECF(act ) ) <>1)) = 0;
END RULE, -- subtype _mandatory_action
(*
Argument definitions:
action: specifiesthe set of al instances of action.
Formal proposition:
WR1: there shall not be any instance of action that is not an instance either of NRF_run or
NRF_run_sequence or of NRF_derivation.
5.2.7.25 subtype_mandatory_action_relationship
The rule subtype mandatory_action_relationship specifies that only instances of the subtypes
of action_relationship are permitted.
EXPRESS specification:
RULE subt ype_nandat ory_acti on_rel ati onship FCR (action_rel ati onship);
WHERE
WRL: SI ZEQF (QUERY (act <* action_relationship |
NOT (' NRF_SCHEMA. NRF_RUN | N SEQUENCE I N TYPECR(act)))) = 0;
END RULE;
(*
Argument definitions:
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5.2.7.26

5.2.7.27

52.7.28

action_relationship: specifies the set of all instances of action_relationship.

Formal proposition:
WR1: there shall not be any instance of action_relationship that is not an instance of
NRF_run_in_sequence.

subtype _mandatory_date

The rule subtype mandatory_date specifies that only instances of the subtype calendar_date of
date are permitted.

EXPRESS specification:

*

RULE subt ype_nandatory_date FOR (date);
WHERE
WRL: SI ZEOF (QUERY (act <* date| NOT(* NRF_SCHEMA CALENDAR DATE [N
TYPECF(act)))) = 0;
END RULE;
(*
Argument definitions:
date: specifiesthe set of all instances of date.

Formal proposition:
WR1: there shall not be any instance of date that is not an instance of calendar_date.

subtype mandatory_product_definition_formation

The rule subtype _mandatory_product_definition_for mation specifies that only instances of
the subtype SIR_product_version of product_definition_formation are permitted.
EXPRESS specification:

*

RULE subt ype_mandat ory_product _definition_formati on FCR
(product _definition_formation);
WHERE
WRL: S| ZEGF( QUERY( obj <*
pr oduct _defi nition_formation| NOT(‘ NRF_SCHEVA. SI R PRCDUCT_VERSION I N
TYPEGF(0bj )))) = O;
END RULE;
(*
Argument definitions:
product_definition_formation: specifies the set of al instances of product_definition_formation.

Formal proposition:
WR1: there shal not be any instance of product_definition_formation that is not an instance of
SIR_product_version.

subtype_mandatory_product_definition_relationship

The rule subtype mandatory_product_definition_relationship specifies that only instances of
the subtype next_assembly_usage occurrence of product_definition_relationship are permitted.

EXPRESS specification:

*

RULE subt ype_nandat ory_product _defini tion_rel ati onshi p FCR
(product _definition_relationship);
WHERE
WRL: Sl ZEOF( QUERY( obj <*
product _definition_relationship| NOT(‘ NRF_SCHEMA NEXT_ASSEMBLY_ _USACGE OCCURENCE I N
TYPEGF(0bj )))) = O;
END ;

.
Argument definitions:

product_definition_relationship: specifies the set of al instances of
product_definition_relationship.

Formal proposition:
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WR1: there shall not be any instance of product_definition_relationship that is not an instance of
next_assembly usage occurence.

5.2.7.29 unique_ids in_maodel
The rule unique_ids in_model specifies that in a SIR_model, the values of the attribute id of
SIR_nodes, respectively SIR_node relationships, respectively SIR_submodel_usages shall be
unique for each category of entities.
EXPRESS specification:
*)
RULE uni que_i ds_i n_model FOR (SI R nodel, SIR node, SIR node rel ationship,
SI R_subnodel _usage) ;
WHERE
WRL: Sl ZEGF( QUERY(sm <* SI R nodel | NOT (uni que_i ds( QJERY(sn<* SIR node | sn
IN smrepresentation.itens)) AND uni que_i ds(QUERY(snr<* SIR node_rel ationship |
snr INsmrepresentation.itens)) AND uni que_i ds( QUERY(su<* S| R subrodel _usage | su
IN smrepresentation.itens))) )) =0;
END RULE;
(*
Argument definitions:
SIR_modd: specifiesthe set of al instances of SIR_model.
SIR_node: specifiesthe set of all instances of SIR_node.
SIR_node_relationship: specifies the set of all instances of SIR_node_relationship.
SIR_submodel_usage: specifiesthe set of all instances of SIR_submodel _usage.
Formal propositions:
WR1: there shall not any instance of SIR_model such that the identifiers of the SIR_node (resp.
SIR_node relationship, resp. SIR_submodel_usage) that are elements of the SIR_model are not
unique.
5.2.8 NRF_schema function definitions
5281 get_names
The function get_names computes the set of labels assigned as a name to a named_item through
NRF_name_assignment.
EXPRESS specification:
FUNCTI ON get _nanes(prop: naned_iten): SET CF | abel;
LOCAL
i1 | NTEGER
sav: BAG COF NRF_nane_assi gnnent ;
result: SET CF | abel ;
END LOCAL;
sav := USEDIN( prop, ' NRF_SCHEMA NRF_NAME ASS| GNMVENT. | TEMS ) ;
REPEAT i : =LO NDEX(sav) TO H | NDEX(sav) ;
result[i]:=sav[i].assigned_nane;
END_REPEAT;
RETURN(resul t);
END_FUNCTI O\
(*
Argument definition:
prop: specifiesthe named_item for which the names are computed.
5282 get_tools
The function get_tools computes the set of action_resour ces that refer to a NRF_run and having the
kind ‘tool_or_facility’.
EXPRESS specification:
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5283

5284

*

FUNCTI ON get _tool s(prop: NRF_run): SET CF action_resource;
LOCAL

i1 | NTEGER,

sav: BAG CF action_resource;

result: SET CF action_resource;
END LOCAL;

sav := USEDIN( prop, 'NRF_SCHEMA ACTI ON RESOURCE. USAGE );

REPEAT i : =LA NDEX(sav) TO H | NDEX(sav);
IF (sav[i].kind. nane="tool _or_facility' ) THEN
result[i]:=sav[i];
END | F;

END_REPEAT;

RETURN(resul t);

END FUNCTI O\

( *

Argument definition:

prop: specifiesthe NRF_run for which the creating tools and facilities are computed.

get_timestamps

The function get_timestamps computes the set of date and_times that are assigned through
NRF_date assignment to aNRF_run with therole ‘start_date and time'.
EXPRESS specification:

*
FUNCTI ON get _timestanps(prop: NRF_run): SET CF date_and_ti ne;
LQCAL
i1 | NTEGER,
sav: BAG OF NRF_dat e_assi gnnent ;
result: SET OF date_and_ti e;
END LOCAL;

sav := USEDIN( prop, ' NRF_SCHEMA NRF_DATE ASS| GNVENT. | TEMB ) ;

REPEAT i: =LA NDEX(sav) TO H | NDEX(sav);
IF (sav[i].role.nane="start_date_and_tine’) THEN
result[i]:=sav[i].assigned_date_and_ti ne;
END | F;

END_REPEAT;

RETURN(resul t);

END_FUNCTI O\

( *

Argument definition:

prop: specifiesthe NRF_run for which the starting dates are computed.

unique _ids

The function unique_ids checks whether the attributes id of a bag of SIR_model_constituents are
unique.

Theresult is TRUE if the ids are unique.
EXPRESS specification:

*
FUNCTI ON uni que_i ds(sav: BAG CF SIR nodel _constituent): LO3 CAL;
LOCAL
i1 | NTEGER
bag_id: BAG CF identifier;
END_LOCAL;

REPEAT i : =LA NDEX(sav) TO H | NDEX(sav);
bag_id[i] := sav[i].id;
END_REPEAT;
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RETURN( VALUE_UN QUE(bag_i d));

END FUNCTI O\

( *

Argument definition:

sav: specifiesthe bag of SIR_model_constituent for which the unicity of theidsis checked.

*

END SCHEMA, -- NRF_schena
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Annex A - AIM EXPRESS expanded listing (normative)

Al

A2

I ntroduction

The following EXPRESS is the expanded form of the short form schema given in subclause 5.2. In the
event of any discrepancy between the short form and this expanded listing, the expanded listing shall be
used.

This file was generated with EXTOOL Version 3.4, Express toolkit devel oped by Association GOSET.

AIM EXPRESS expanded listing

SCHEMA NRF_schenw,;

TYPE characterized_definition = SELECT
( characterized_product_definition
);
END TYPE;

TYPE char act eri zed_product _definition = SELECT
(product _definition,
product _definition_rel ati onship);
END TYPE;

TYPE supported_item= SELECT
(action,
acti on_net hod) ;
END_TYPE;

TYPE per son_organi zati on_sel ect = SELECT
(person,
or gani zat i on,
per son_and_or gani zation);
END_TYPE;

TYPE date_time_sel ect = SELECT
(dat e,
| ocal tine,
date_and_time);
END_TYPE;

TYPE year _nunber = | NTEGER
END_TYPE;

TYPE nont h_i n_year _nunber = | NTECER,
WHERE
WRL: { 1 <= SELF <= 12 };
END _TYPE;

TYPE day_i n_nont h_nunber = | NTECER,
END TYPE;

TYPE ahead_or behi nd = ENUVERATI ON CF
(ahead,
behi nd) ;
END TYPE;

TYPE hour_in_day = | NTEGER,
WHERE
WRL: { 0 <= SELF < 24 };
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END_TYPE;

TYPE minute_in_hour = | NTECER
WHERE
WRL: { O <= SELF <= 59 };
END TYPE;

TYPE second_in_ninute = REAL;
WHERE
WRL: { 0 <= SELF < 60 };
END_TYPE;

TYPE source_item = SELECT (identifier);
END_TYPE;

TYPE identifier = STRING
END_TYPE;

TYPE | abel = STRING
END_TYPE;

TYPE text = STRING
END_TYPE;

TYPE neasur e_val ue = SELECT
(I engt h_neasure,
nass_measur e,
ti me_neasure,
el ectric_current_measure,
t her nodynani c_t enper at ur e_measur e,
anount _of _subst ance_neasure,
I um nous_i ntensi ty_neasure,
pl ane_angl e_neasur e,
sol i d_angl e_neasure,
ar ea_neasure,
vol une_rneasur e,
rati o_measure,
par arret er _val ue,
numeri c_neasure,
cont ext _dependent _neasur e,
descri ptive_measure,
posi tive_l engt h_neasure,
posi ti ve_pl ane_angl e_measur e,
positive_ratio_measure,
count _mreasure);
END _TYPE:

TYPE | engt h_nmeasure = REAL;
END _TYPE:

TYPE mass_neasure = REAL;
END_TYPE;

TYPE ti me_neasure
END_TYPE;

REAL,;

TYPE el ectric_current _neasure = REAL;
END_TYPE;

TYPE t her nodynam c_t enper at ure_neasure = REAL;

END_TYPE;

TYPE anount _of subst ance_neasure = REAL;
END_TYPE;

TYPE | umi nous_i ntensity neasure = REAL;
END_TYPE;
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TYPE pl ane_angl e_neasure = REAL;
END_TYPE;

TYPE solid_angl e_nmeasure = REAL;
END_TYPE;

TYPE area_neasure = REAL;
END_TYPE;

TYPE vol une_neasure = REAL;
END_TYPE;

TYPE rati o_nmeasure = REAL;
END_TYPE;

TYPE par anet er _val ue
END_TYPE;

REAL,;

TYPE nuneri c_neasure
END_TYPE;

NUMBER,

TYPE positive_| ength_neasure = | engt h_neasur e;
WHERE

WRL: SELF > 0O;
END TYPE,

TYPE positive_pl ane_angl e_neasure = pl ane_angl e_neasure;
WHERE
WRL: SELF > 0;
END_TYPE;

TYPE positive_ratio_measure = ratio_measure;
WHERE
WRL: SELF > 0;
END TYPE;

TYPE cont ext _dependent _neasure = REAL;
END_TYPE;

TYPE descriptive_measure = STR NG
END_TYPE;

TYPE count _measure = NUMBER
END TYPE;

TYPE unit = SELECT
(nanmed_uni t,
derived_unit);
END TYPE;

TYPE si _unit_nane = ENUVERATI ON CF

(metre,
gram
second,
anper e,
kel vi n,
nol e,
candel a,
radi an,
st eradi an,
hertz,
new on,
pascal ,
joul e,
wat t ,
coul onb,
vol t,
farad,
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ohm
si emens,
weber ,
tesla,
henry,
degree_Cel si us,
| uren,
| ux,
becquerel ,
gray,
sievert);
END TYPE;

TYPE si_prefix = ENUMERATI ON CF
(exa,
pet a,
tera,
gi ga,
nega,
kil o,
hect o,
deca,
deci ,
centi,
mlli,
m cro,
nano,
pi co,
fento,
atto);
END_TYPE;

TYPE di mensi on_count = | NTECER,
WHERE
WRL: SELF > 0;
END TYPE,
TYPE | ess_or_greater = SELECT(
compari son_| ess_equal ,
conpari son_great er _equal ) ;
END _TYPE,
TYPE tabul ar _i nterpol ati on = ENUMERATI ON CF (

pol ynom al ,

l'inear_| ogarithmc);

END _TYPE
TYPE tabul ar _i nterpol ati on_degree = | NTEGER,
WHERE
WRL: SELF>=1;
END TYPE,

TYPE list_real literals = LIST[1:?] OF REAL;

END_TYPE;

TYPE | ist_ascending real literals = list _real literals;
WHERE

WRL: ascending_|ist(SELF);
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END TYPE
TYPE SI R nodel _constituent = SELECT(
SI R _node,
SI R _node_rel ati onshi p,
S| R _subnodel _usage
);
END TYPE;
TYPE SI R node_or_usage = SELECT(
SI R _node,
SI R_node_usage
);
END_TYPE;
TYPE SI R _networ k_conponent = SELECT(
SI R nodel ,
SI R_node,
SI R _node_usage,
SI R _node_r el at i onshi p,
SI R _node_rel ati onshi p_usage,
SI R _subnodel _usage
);
END TYPE;
TYPE SIR property_symmetry = ENUMERATI ON OF (symmetrical, antisymetrical);
END TYPE
TYPE SIR |ist_of _values_or_functions = SELECT (
SIR |ist_of _descriptive values, SIRIlist_of_functions);
END TYPE
TYPE SI R descriptive_or_functional = SELECT (
SIR property_descriptive, SIR property_functional);
END_TYPE
TYPE SIR lifetine_type = ENUMERATION CF (invariant, sanple, interval);
END TYPE ;
TYPE SI R _absci ssa_sequenci ng_type = ENUVERATI ON OF (
strictly_decreasing,
nonot oni ¢c_decr easi ng,

nmonot oni ¢_i ncr easi ng,
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strictly_increasing

);
END TYPE ;
TYPE SI R case_or_phase = SELECT (

SIR ato_case, SIR ato_phase);
END_TYPE;

TYPE SI R nunber= NUMBER
END_TYPE;

TYPE SIR string= STRING
END_TYPE;

TYPE SI R nunber _or_string = SELECT (
SI R _nunber,
SIR string);
END TYPE,
TYPE SIR index_interval = ARRAY[1: 2] CF | NTECER
WHERE
WRL: SELF[ 1] >= 0;
WR2: SELF[ 2] >= SELF 1];
END _TYPE,
ENTI TY appl i cati on_cont ext;
application T text;
I NVERSE

context_elements : SET [1:?] OF application_context_el enent
FCOR frame_of _reference;

END _ENTI TY;
ENTI TY appl i cati on_protocol _definition;
st at us . label ;
appl i cati on_i nt erpret ed_nodel _schema_nane : | abel ;
appl i cati on_pr ot ocol _year : year_nunber;
application : application_context;
END_ENTI TY:

ENTI TY appl i cati on_cont ext _el enment
SUPERTYPE CF (ONECF (product _cont ext,
product _definition_context));

nane . |l abel ;
frane_of _reference : application_context;
END_ENTI TY:

ENTI TY product _cont ext
SUBTYPE CF (application_context_el enent);
di scipline_type : |abel;
END _ENTI TY;

ENTI TY product _defi nition_cont ext
SUBTYPE OF (application_context_el enent);

life_cycle_stage : |abel;
END _ENTI TY;
ENTI TY product ;
id ; identifier;
nane . | abel;
description . otext;
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frane_of reference : SET [1:?] COF product_context;

UN QUE
URL: id;
END_ENTI TY;

ENTI TY product _definition_formation;
id : identifier;
description : text;
of _product : product;

UN QUE
URL: id, of_product;
END_ENTI TY;

ENTI TY product _definition;
id cidentifier;
description . text;

formation : product _definition_formation;
frame_of reference : product_definition_context;

END_ENTI TY;

ENTI TY product _definition_rel ationshi p;
id :identifier;
nane : label;
description T otext;

rel ati ng_product _definition : product_definition;
rel ated_product _definition : product_definition;

END_ENTI TY;

ENTI TY property_definition;
name . | abel ;
description : text;
definition : characterized_definition;
END ENTI TY;

ENTI TY property_definition_representation;
definition : property_definition;
used _representation : representation;

END _ENTI TY;

ENTI TY nane_assi gnient
ABSTRACT SUPERTYPE;
assi gned_nane : |abel;

END_ENTI TY:

ENTI TY acti on_assi gnrment
ABSTRACT SUPERTYPE;
assi gned_action : action;
END _ENTI TY;

ENTI TY approval _assi gnnent
ABSTRACT SUPERTYPE;
assi gned_approval : approval;
END _ENTI TY;

ENTI TY security_cl assification_assi gnment
ABSTRACT SUPERTYPE;

assi gned_security classification : security classification;

END_ENTI TY;

ENTI TY person_and_or gani zat i on_assi gnnent
ABSTRACT SUPERTYPE;

assi gned_per son_and_or gani zati on : person_and_or gani zati on;
role . person_and_organi zati on_rol e;

END_ENTI TY;

ENTI TY date_and_ti ne_assi gnnent
ABSTRACT SUPERTYPE;
assigned_date_and_tinme : date_and_ti ne;
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rol e . date_tinme_role;
END_ENTI TY;

ENTI TY group_assi gnrrent
ABSTRACT SUPERTYPE;
assi gned_group : group;

END _ENTI TY;

ENTI TY docunent _t ype;
product _data type : |abel;

END_ENTI TY;
ENTI TY docunent;
id c identifier;
name . | abel ;
description : text;
ki nd : docunent _t ype;
UN QUE
URL: id;
END_ENTI TY;

ENTI TY docunent _usage_constrai nt;
source : docunent ;
subj ect _el enment . | abel ;
subj ect _el ement _val ue : text;

END_ENTI TY;

ENTI TY acti on;
name : | abel;
description T otext;
chosen_net hod : acti on_net hod;

END_ENTI TY;

ENTI TY execut ed_action
SUBTYPE CF (action);

END_ENTI TY;

ENTI TY action_rel ationshi p;
name . | abel ;
description . text;
relating_action : action;
related_action : action;

END_ENTI TY:

ENTI TY acti on_net hod;
nane . | abel ;
description : text;
consequence : text;

pur pose : text;
END_ENTI TY;
ENTI TY acti on_resource;
name . | abel ;
description : text;
usage : supported_item
ki nd : action_resource_type;
END_ENTI TY;

ENTI TY acti on_resource_type;
nane : | abel;
END_ENTI TY;

ENTI TY approval _st at us;
narme : | abel;
END _ENTI TY:

ENTI TY approval ;
status : approval _status;
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level : label;
END_ENTI TY;
ENTI TY approval _date_ti ne;
date_tine : date_time_select;
dat ed_approval : approval;
END_ENTI TY;

ENTI TY approval _per son_or gani zat i on;
person_organi zati on : person_organi zati on_sel ect;
aut hori zed_approval : approval ;
rol e . approval _rol e;
END _ENTI TY;

ENTI TY approval _rol e;
role : I|abel;
END _ENTI TY;

ENTI TY security_classification_level;
narme : | abel;

END ENTI TY;
ENTI TY security_cl assification;

name . | abel ;
pur pose . otext;
security_level : security_classification_|evel;

END _ENTI TY;

ENTI TY address;

internal | ocation : CPTI ONAL | abel ;
street _nunber . CPTIONAL | abel ;
street . CPTI ONAL | abel ;
post al _box : CPTI ONAL | abel ;
t own . CPTI ONAL | abel ;
regi on . CPTI ONAL | abel ;
post al _code : CPTI ONAL | abel ;
country . CPTI ONAL | abel ;
facsi m | e_nunber : CPTI ONAL | abel ;
t el ephone_nunber : CPTI ONAL | abel ;
el ectroni c_mail _address : CPTI ONAL | abel ;
t el ex_nunber : CPTI ONAL | abel ;

WHERE

WRL: EXI STS(i nternal _| ocati on)

EXI STS( st reet _nunber)
EXI STS(street)
EXI STS( post al _box)
EXI STS(t own)
EXI STS(r egi on)
EXI STS( post al _code)
EXI STS(count ry)
EXI STS(f acsi m | e_nunber)
EXI STS(t el ephone_nunber)
EXI STS( el ectroni c_nai | _addr ess)
EXI STS(t el ex_nunber) ;

END _ENTI TY;

FBIBIIIILIS

ENTI TY personal _address
SUBTYPE OF (address);

peopl e : SET [1:?] CF person;
description : text;
END _ENTI TY;

ENTI TY or gani zati onal _addr ess
SUBTYPE COF (address);
organi zations : SET [1:?] CF organization;
description : text;
END_ENTI TY;
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ENTI TY per son;

id cidentifier;
| ast _nane ;. CPTI ONAL | abel ;
first_nane : CPTIONAL | abel ;
mddl e_names : COPTICONAL LIST [1:?] CF | abel;
prefix_titles : GPTIONAL LIST [1:?] CF | abel;
suffix_titles : CPTIONAL LIST [1:?] CF |abel;
UN QUE
URL: id;
WHERE
WRL: EXI STS(I ast _name) CR EXI STS(first_nane);
END_ENTI TY;
ENTI TY organi zati on;
id . CPTIONAL identifier;
nane . | abel;
description : text;
END_ENTI TY;
ENTI TY organi zati onal _proj ect ;
name . | abel ;
description . text;
responsi bl e_organi zations : SET[1:?] CF organi zation;
END_ENTI TY;
ENTI TY person_and_or gani zati on;
t he_per son : person;
the_organi zation : organi zati on;
END_ENTI TY;

ENTI TY person_and_organi zation_rol e;
name : | abel;
END_ENTI TY:;

ENTI TY date
SUPERTYPE CF (ONECF (cal endar _date));
year _conponent : year_nunber;
END _ENTI TY;

ENTI TY cal endar _dat e
SUBTYPE CF (date);

day_conponent : day_i n_nont h_nunber;

nont h_conponent : nont h_i n_year _nunber;
WHERE

WRL: valid_cal endar_date (SELF);
END_ENTI TY:

ENTI TY coordi nated_uni versal _tinme_of fset;
hour _of f set . hour _i n_day;
mnute_offset : OPTICNAL m nute_in_hour;
sense . ahead_or _behi nd;

END_ENTI TY;

ENTITY | ocal _tine;
hour _conponent : hour _i n_day;
m nut e_conponent : CPTI ONAL ni nut e_i n_hour;
second_conponent : CPTI ONAL second_i n_m nut e;

zone : coordi nat ed_uni versal _ti ne_of f set;
WHERE

WRL: valid_ time (SELF);
END_ENTI TY;

ENTI TY date_and_ti ne;
dat e_conponent : date;
time_conponent : |ocal _tine;
END_ENTI TY;

ENTI TY date_time _role;
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nane : | abel;

END_ENTI TY;
ENTI TY group;
nane . | abel;
description : text;
END_ENTI TY;

ENTI TY named_uni t
SUPERTYPE CF (ONECF (si_unit, conversion_based unit,
cont ext _dependent _uni t)
ANDCR
ONECF (length_unit,
mass_unit,
tine_unit,
electric_current_unit,
t her modynanmi c_tenperature_unit,
amount _of substance_unit,
lum nous_intensity_unit,
pl ane_angl e_uni t,
solid_angle unit,
area_unit,
vol une_uni t,
ratio_unit ));
di nensi ons : di mensi onal _exponents;
END_ENTI TY;

ENTITY si _unit
SUBTYPE CF (naned_unit);

prefix : CPTIONAL si_prefix;
nane : si_unit_nane;
DER VE

SELR naned_uni t. di nensi ons : di nensi onal _exponent s
:= dimensions_for_si_unit (SELF. nane);
END_ENTI TY;

ENTI TY conversi on_based_uni t
SUBTYPE CF (naned_unit);

name . | abel ;
conversion_factor : nmeasure_with_unit;
END_ENTI TY;

ENTI TY cont ext _dependent _uni t
SUBTYPE CF (naned_unit);
nane : | abel;

END_ENTI TY:

ENTI TY | engt h_uni t
SUBTYPE CF (naned_unit);

WHERE
WRL: (SELF\ nanmed_uni t. di mensi ons. | engt h_exponent = 1.0)
e (SELR named_uni t . di mensi ons. nass_exponent = 0. 0)
e (SELR narred_uni t . di nensi ons. ti me_exponent = 0. 0)
x (SELR\ narred_uni t . di nensi ons. el ectric_current_exponent = 0. 0)

(SELR named_uni t.d
0.0) AND
(SELR nared_unit.d

mensi ons. t her nodynam c_t enper at ur e_exponent =

nensi ons. anount _of _subst ance_exponent = 0. 0)
AND
(SELR naned_uni t . di
END_ENTI TY;

nensi ons. | um nous_i ntensity_exponent = 0.0);

ENTI TY nass_uni t
SUBTYPE CF (naned_unit);
WHERE
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WRL: (SELR nared_unit. di

nensi ons. | engt h_exponent =

0.0) AND

( SELR narmed_uni t . di mensi ons. nass_exponent =
1.0) AND

(SELR narred_uni t . di mensi ons. ti me_exponent =
0.0) AND

(SELR naned_uni t. di mensi ons. el ectric_current _exponent =
0.0) AND

(SELR nared_uni t . di mensi ons. t her modynam c_t enper at ur e_exponent =
0.0) AND

( SELR narmed_uni t . di mensi ons. anount _of _subst ance_exponent =
0.0) AND

( SELR nared_uni t . di mensi ons. | um nous_i nt ensi ty_exponent =
0.0);

END ENTITY ;

ENTITY tine_unit
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR\ naned_uni t. di mensi ons. | engt h_exponent =
0.0) AND
(SELR nared_uni t . di
0.0) AND
(SELR narmed_uni t.d
1.0) AND
(SELR nared_uni t. d
0.0) AND
(SELR nared_uni t . di
0.0) AND
(SELR nared_uni t.d
0.0) AND
(SELR nared_uni t. d

mensi ons. mass_exponent =

nmensi ons. ti me_exponent =

nensi ons. el ectri c_current _exponent =

nensi ons. t her nodynam c_t enper at ur e_exponent

mensi ons. anmount _of _subst ance_exponent

nmensi ons. | um nous_i nt ensi ty_exponent
0.0);
END_ENTI TY:

ENTI TY el ectric_current _unit
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR named_uni t . di mensi ons. | engt h_exponent =
0.0) AND
(SELR named_uni t.d
0.0) AND
(SELR nared_uni t . di
0.0) AND
(SELR\ narred_uni t . di
1.0) AND
(SELR named_uni t.d
0.0) AND
(SELR narred_unit.d
0.0) AND
(SELR\ narred_uni t . di

mensi ons. mass_exponent =

nensi ons. ti ne_exponent =

nensi ons. el ectri c_current _exponent =

mensi ons. t her nodynam c_t enper at ur e_exponent

nmensi ons. anount _of _subst ance_exponent

nensi ons. | um nous_i nt ensi ty_exponent
0.0);
END_ENTI TY:

ENTI TY t her nodynani ¢_t enper at ure_uni t
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR narred_uni t. di mensi ons. | engt h_exponent =
0.0) AND
( SELR naned_uni t. di nensi ons. nass_exponent =
0.0) AND
( SELR narmed_uni t . di mensi ons. ti me_exponent =
0.0) AND
(SELR nared_uni t . di mensi ons. el ectri c_current _exponent =
0.0) AND
( SELR named_uni t . di mensi ons. t her nodynam c_t enper at ur e_exponent
1.0) AND
( SELR narmed_uni t . di mensi ons. anount _of _subst ance_exponent
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0.0) AND

( SELR narred_uni t . di mensi ons. | um nous_i nt ensi t y_exponent

0.0);
END_ENTI TY:

ENTI TY anount _of subst ance_uni
SUBTYPE CF (naned_unit);
WHERE

t

. mass_exponent
. ti me_exponent

.electric_current _exponent

.t her nodynani c_t enper at ur e_exponent

. amount _of _subst ance_exponent

.l um nous_i nt ensi ty_exponent

WRL: (SELR named_uni t. di mensi ons. | engt h_exponent

0.0) AND

(SELR\ narred_uni t . di mensi ons
= 0.0) AND

( SELR naned_uni t . di nensi ons
= 0.0) AND

( SELR\ naned_uni t . di nensi ons
= 0.0) AND

( SELR narred_uni t . di mensi ons
= 0.0) AND

( SELR naned_uni t . di nensi ons
= 1.0) AND

( SELR\ naned_uni t . di nensi ons
= 0.0);

END _ENTI TY;

ENTI TY | um nous_i ntensity_unit
SUBTYPE CF (naned_unit);
WHERE
WRL:
AND
(SELR narmed_uni t.d
AND
(SELR nared_uni t.d

0. 0)

0. 0)

0. 0)

(SELR nared_uni t . di
0.0)
(SELR nared_uni t . di

0. 0)

(SELR nared_uni t. d
AND
(SELR nared_uni t . di

0.0)

1.0);
END_ENTI TY:

ENTI TY pl ane_angl e_uni t
SUBTYPE CF (naned_unit);
WHERE
WRL:
AND
(SELR narmed_unit.d

AND
(SELR\ narred_uni t . di

0. 0)

0. 0)

0. 0)

(SELR named_uni t . di
0.0)
(SELR narred_uni t.d

0.0)

(SELR naned_uni t . di
AND
(SELR named_uni t.d

0. 0)

0.0);
END_ENTI TY:

ENTITY solid_angle_unit
SUBTYPE CF (naned_unit);
WHERE
WRL:
0.0) AND

(SELR narmed_uni t . di mensi ons.

( SELR naned_uni t . di nensi ons

mensi ons.

nensi ons.
mensi ons.
nmensi ons.

nmensi ons.

(SELR narmed_uni t . di mensi ons.
nensi ons.
nensi ons
nmensi ons.
nensi ons.
nensi ons.

nmensi ons.

(SELR nared_uni t . di mensi ons.

mensi ons. ti

. | engt h_exponent

mass_exponent

me_exponent

el ectric_current_exponent
t her nodynani c_t enper at ur e_exponent
anmount _of _subst ance_exponent

| um nous_i nt ensi ty_exponent

| engt h_exponent
nmass_exponent

. ti me_exponent

el ectric_current _exponent
t her nodynani c_t enper at ur e_exponent
anount _of _subst ance_exponent

| um nous_i nt ensi ty_exponent

| engt h_exponent

mass_exponent
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0.0) AND

(SELR narred_unit.d
0.0) AND

(SELR named_uni t . di
0.0) AND

(SELR narmed_uni t.d
0.0) AND

(SELR narred_unit.d
0.0) AND

(SELR narmed_uni t . di

0.0);
END _ENTI TY:

ENTI TY area_unit
SUBTYPE CF (naned_unit);

WHERE

WRL: (SELR\ named_uni t. di

AND
(SELR nared_uni t . di

AND
(SELR nared_uni t . di

AND
(SELR narred_uni t . di

AND

(SELR nared_uni t . di
0.0) AND

(SELR nared_uni t . di
AND
(SELR narred_uni t . di
END_ENTI TY;

ENTI TY vol urre_uni t
SUBTYPE CF (naned_unit);

WHERE

WRL: (SELR\ named_uni t . di

AND
(SELR narred_uni t . di

AND
(SELR nared_uni t . di

AND
(SELR named_uni t . di

AND

(SELR nared_uni t . di
0.0) AND

(SELR\ narred_uni t . di
AND
(SELR named_uni t . di
END _ENTI TY;

ENTITY ratio_unit
SUBTYPE CF (naned_unit);

WHERE

WRL: (SELR named_unit. di

AND
(SELR narred_uni t . di

AND
(SELR nared_uni t . di

AND
(SELR nared_uni t . di

AND

(SELR narred_unit.d
0.0) AND

(SELR nared_uni t . di
AND
(SELR named_uni t . di
END _ENTI TY;

ENTI TY di mensi onal _exponent s;

nmensi ons

nmensi ons.

mensi ons

nmensi ons.

nmensi ons.

nmensi ons.
nensi ons.
nmensi ons.

nmensi ons.

nmensi ons

mensi ons.

nmensi ons.

nmensi ons.
nmensi ons.

mensi ons.

mensi ons

nmensi ons.
nensi ons.

nmensi ons.

nmensi ons.
nensi ons.

nmensi ons.

nmensi ons

nmensi ons.

nensi ons.

nmensi ons

. ti me_exponent =

el ectric_current_exponent =

. t her nodynani c_t enper at ur e_exponent

anount _of _subst ance_exponent

| um nous_i nt ensi ty_exponent =

| engt h_exponent = 2.0)

nass_exponent = 0. 0)

time_exponent = 0.0)

el ectric_current_exponent = 0.0)

. t her nodynani c_t enper at ur e_exponent =
anmount _of _subst ance_exponent = 0. 0)

| um nous_i ntensity_exponent = 0.0);

| engt h_exponent = 3.0)

nass_exponent = 0. 0)

time_exponent = 0.0)
.electric_current_exponent = 0.0)

t her nodynani c_t enper at ur e_exponent =
anount _of _subst ance_exponent = 0. 0)

| um nous_i ntensity_exponent = 0.0);

| engt h_exponent = 0.0)
nass_exponent = 0. 0)
ti me_exponent = 0.0)

.electric_current_exponent = 0.0)
t her nodynani c_t enper at ur e_exponent =
anount _of _subst ance_exponent = 0.0)

.l um nous_i ntensity_exponent = 0.0);

A-14

NRF-002-AP Release 1.4 (15 November 1996)



A.2 AIM EXPRESS expanded listing

| engt h_exponent : REAL;
nmass_exponent : REAL;
ti me_exponent 1 REAL;
el ectric_current_exponent © REAL;
t her nodynani c_t enper at ure_exponent : REAL;
anmount _of _subst ance_exponent o REAL;
| um nous_i nt ensi ty_exponent © REAL;

END_ENTI TY;

ENTI TY derived_unit_el enent;

uni t : named_unit;
exponent : REAL;

END_ENTI TY;

ENTI TY derived_ unit;
elenents : SET [1:?] OF derived_ unit_el enent;
WHERE
WRL : ( SIZECF ( elements ) >1) R
(( SIZECF ( elements ) = 1) AND ( el ements[1].exponent <> 1.0

));
END_ENTI TY:

ENTI TY measure_wi t h_uni t

SUPERTYPE CF (ONECF ( | ength_measure_with_unit,
mass_neasure_w th_unit,
time_measure_with_unit,
electric_current_neasure with_unit,
t her nodynani c_tenperature_neasure_with_unit,
anmount _of _subst ance_neasure_with_unit,
lum nous_intensity _neasure with_unit,
pl ane_angl e_neasure_with_unit,
solid_angl e measure with_unit,
area _measure with unit,
vol une_reasure_wi th_unit,
ratio_measure_with unit ));

val ue_conponent : measure_val ue;

unit_conponent : unit;
WHERE

WRL: valid_units (SELF);
END_ENTI TY:

ENTI TY | engt h_nmeasure_wi th_unit
SUBTYPE OF (neasure_with_unit);
WHERE
WRL: ' NRF_SCHEMA. LENGTH UNIT' I N TYPECF
(SELR\ measure_wi th_unit.unit_conponent);
END_ENTI TY;

ENTI TY mass_neasure_wi t h_uni t
SUBTYPE CF (measure_with_unit);
WHERE
WRL: ' NRF_SCHEMA. MASS N T' I N TYPECF
(SELF\ measure_wi th_unit.unit_conponent);
END _ENTI TY;

ENTI TY time_neasure_with_unit
SUBTYPE CF (neasure_ with unit);
WHERE
WRL: "NRF_SCHEMA TIME_UN T I N TYPECF
(SELR\ neasure_with_unit.unit_conponent);
END_ENTI TY;

ENTITY el ectric_current_neasure_wi th_unit
SUBTYPE OF (neasure_with_unit);
WHERE
WRL: ' NRF_SOHEMA. ELECTRI C CURRENT_ LN T | N TYPECF
(SELR\ measure_wi th_unit.unit_conponent);
END _ENTI TY;
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ENTI TY t her nodynani ¢_t enper at ure_neasure_wi th_uni t
SUBTYPE CF (neasure_with_unit);
WHERE
WRL: ' NRF_SCHENA. THERMODYNAM C TEMPERATURE N T' I N
TYPECF (SELF\ measure_wi th_unit. unit_conponent);
END _ENTI TY;

ENTI TY anount _of substance _neasure with_unit
SUBTYPE OF (neasure_with_ unit);
WHERE
WRL: ' NRF_SCHEMA. AMOUNT_CF _SUBSTANCE N T' I N
TYPECF (SELF\ neasure_with_unit.unit_conponent);
END_ENTI TY;

ENTI TY | um nous_i ntensity _nmeasure_w th_unit
SUBTYPE OF (measure_with_unit);
WHERE
WRL: ' NRF_SCHEMA LUM NQUS_INTENSITY_UN T IN
TYPECF (SELR\ nmeasure_wi th_unit. unit_comnponent);
END_ENTI TY;

ENTI TY pl ane_angl e_neasure_wi th_uni t
SUBTYPE CF (neasure_with_unit);
WHERE
WRL: ' NRF_SCHENVA PLANE ANGLE N T IN
TYPECF ( SELF\ nmeasure_wi t h_unit. unit_conponent);
END _ENTI TY;

ENTI TY sol i d_angl e_measure_wi th_unit
SUBTYPE OF (neasure_with_unit);
WHERE
WRL: ' NRF_SCHEMA SCLID ANGLE N T' I N TYPECF
(SELR\ neasure_wi th_unit.unit_conponent);
END_ENTI TY;

ENTI TY area_neasure_wi th_unit
SUBTYPE OF (measure_with_unit);
WHERE
WRL: ' NRF_SCHEMA. AREA LN T' | N TYPECF
(SELFR\ measure_wi th_unit.unit_conponent);
END _ENTI TY;

ENTI TY vol une_measure_wi t h_uni t
SUBTYPE CF (measure_with_unit);
WHERE
WRL: ' NRF_SCHEMA VOLUWE_UN T | N TYPECF
(SELR\ neasure_wi th_unit. uni t_conponent);
END_ENTI TY:

ENTITY rati o_measure_wi th_unit
SUBTYPE OF (neasure_with_unit);
WHERE
WRL: ' NRF_SCHEMA. RATIOUN T I N TYPECF
(SELR\ measure_wi th_unit.unit_conponent);

END_ENTI TY;

ENTI TY representation_context;
context _identifier : identifier;
cont ext _type o otext;

| N\VERSE

representations_in_context : SET [1:?] CF representation
FOR cont ext _of _i tens;
END_ENTI TY;

ENTI TY representation_item
nane : | abel;
WHERE
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WRL: Sl ZECF(usi ng_representations(SELF)) > 0;

END_ENTI TY;
ENTI TY representati on;
name . | abel;
itens : SET[1:?] OF representation_item
context_of _itens : representation_context;
END _ENTI TY;
ENTI TY representati on_nap;
mappi ng_origin . representation_item
mapped_representation : representation;
I NVERSE
map_usage : SET[1:?] CF napped_i tem FCR nappi ng_sour ce;
WHERE

WRL: item.in_context (SELF. nappi ng_ori gin,
SELF. mapped_r epresent ati on. cont ext _of _i t ens);
END_ENTI TY;

ENTI TY mapped_item
SUBTYPE CF (representation_iten);
nappi ng_source : representation_nap;
nmappi ng_target : representation_item

WRL: acyclic_napped_represent ation(using_representations(SELF), [SELF]);
END_ENTI TY:

ENTI TY product _definition_usage
SUPERTYPE CF (ONECF (assenbl y_conponent _usage))
SUBTYPE CF (product_definition_relationship);
UN QUE
URL: SELR product _definition_relationship.id,
SELR product _definition_rel ationship.relating_product_definition,
SELR product _definition_relationship.rel ated_product _definition;

WHERE
WRL: acyclic_product _definition_relationship
(SELF,
[ SELR product _definition_rel ati onshi p.rel at ed_product _definition],
" NRF_SCHEVA. PRCDUCT_DEFI N TI ON_USAGE. ' +
' RELATED PRCDUCT_DEFINI TION ) ;
END_ENTI TY;

ENTI TY assenbl y_conponent _usage
SUPERTYPE CF (ONECF (next _assenbl y_usage_occurrence))
SUBTYPE CF (product _definition_usage);
ref erence_desi gnator : CPTIONAL identifier;

END_ENTI TY;

ENTI TY next _assenbl y_usage_occurrence
SUBTYPE CF (assenbl y_conponent _usage) ;
END _ENTI TY;

ENTI TY type_qualifier;
nane : | abel;
END_ENTI TY;

ENTI TY generi c_expressi on

ABSTRACT SUPERTYPE OF( ONECH('si npl e_gen_expr essi on,
unary_gen_expr essi on,
bi nary_gen_expr essi on,
m ary_gen_expression));

WHERE

WRL: is_acyclic(SELF);
END_ENTI TY:

ENTI TY si npl e_gen_expressi on
ABSTRACT SUPERTYPE OF (ONECF(generic_literal, generic_variable))
SUBTYPE CF (generi c_expression);
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END_ENTI TY;

ENTI TY generic_literal

ABSTRACT SUPERTYPE

SUBTYPE OF (sinpl e_gen_expression);
END _ENTI TY;

ENTI TY generic_variabl e
ABSTRACT SUPERTYPE
SUBTYPE CF (sinpl e_gen_expression);
I NVERSE
interpretation: SET [0:1] CF environnent FCR syntactic_representation;
END_ENTI TY;

ENTI TY vari abl e_semantics
ABSTRACT SUPERTYPE;
END _ENTI TY;

ENTI TY envi ronnent ;
syntactic_representation: generic_variabl e;
semantics vari abl e_semanti cs;
END_ENTI TY;

ENTI TY unary_gen_expressi on

ABSTRACT SUPERTYPE

SUBTYPE OF(generi c_expression);
operand : generi c_expression;

END_ENTI TY;

ENTI TY bi nary_gen_expr essi on

ABSTRACT SUPERTYPE

SUBTYPE OF(generi c_expression);

operands : LIST [2:2] CF generic_expression;
END_ENTI TY;

ENTI TY m ary_gen_expressi on

ABSTRACT SUPERTYPE

SUBTYPE OF(generi c_expression);

operands : LIST [2:?] CF generic_expression;
END_ENTI TY:

ENTI TY expressi on
ABSTRACT SUPERTYPE OF (CONECF (nurreri c_expression,
bool ean_expr essi on))
SUBTYPE CF (generi c_expression);
END_ENTI TY;

ENTI TY vari abl e
ABSTRACT SUPERTYPE CF (ONECF (nuneric_variable))
SUBTYPE OF(generic_vari abl e);

END_ENTI TY;

ENTI TY nurreri c_expr essi on
ABSTRACT SUPERTYPE OF (ONECF (si npl e_n_expr essi on,
unary_n_expr essi on,
bi nary_n_expr essi on,
m ary_n_expressi on))
SUBTYPE OF (expression);
DER VE
is_int: BOOLEAN := is_int_expr (SELF);
sqgl _nmappabl e: BOOLEAN : = is_SQ _nappabl e (SELF);
END _ENTI TY;

ENTI TY si npl e_n_expressi on
ABSTRACT SUPERTYPE CF (ONECF (literal _nunmber, nuneric_variable))
SUBTYPE OF (nuneric_expression, sinple_gen_expression);

END_ENTI TY;
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ENTITY literal _nunber
ABSTRACT SUPERTYPE OF (ONECF (int_literal, real _literal))
SUBTYPE CF (sinple_n_expression, generic_literal);
the_val ue: NUMBER

END_ENTI TY;

ENTITY int_literal

SUBTYPE OF (literal _nunber);

SELR literal nunber.the val ue: | NTECER
END_ENTI TY;

ENTITY real literal

SUBTYPE COF (literal _nunber);

SELR\ literal _nunber.the_val ue: REAL;
END _ENTI TY;

ENTI TY nureric_vari abl e
SUPERTYPE CF (ONECF (int_nurreric_vari abl e,
real _nuneric_variabl e))
SUBTYPE OF (sinple_n_expression, variable);
WHERE
WRL: ‘ NRF_SCHEMA | NT_NUVERI C_ VAR ABLE
IN TYPECR(SELF) ) R
(" NRF_SCHEMA. REAL_NUMERI C VAR ABLE
I N TYPECR( SELF) );
END_ENTI TY;

ENTI TY int_nureric_variabl e
SUBTYPE CF (nureric_variable);
END_ENTI TY;

ENTI TY real _nureric_vari abl e
SUBTYPE CF (nureric_variabl e);
END_ENTI TY:

ENTI TY unary_n_expr essi on
SUBTYPE OF (nuneric_expression, unary_gen_expression);
SELR unary_gen_expr essi on. oper and: nurreri c_expr essi on;
END_ENTI TY;

ENTI TY bi nary_n_expr essi on
ABSTRACT SUPERTYPE COF (ONECF ( power _expression))
SUBTYPE OF (nuneric_expression, binary_gen_expression);
SELF\ bi nary_gen_expressi on.operands : LIST [2:2] CF
numner i c_expr essi on;
END_ENTI TY;

ENTI TY mary_n_expressi on
ABSTRACT SUPERTYPE COF (ONECF (pl us_expression,
mul t _expr essi on))
SUBTYPE CF (nuneri c_expression, mary_gen_expression);
SELR m ary_gen_expressi on. operands: LIST [2:?] O
nuneri c_expressi on;
END_ENTI TY;

ENTI TY pl us_expressi on
SUBTYPE CF (m.ary_n_expression);
END_ENTI TY;

ENTI TY nul t _expression
SUBTYPE OF (m.ary_n_expression);
END _ENTI TY;

ENTI TY power _expressi on
SUBTYPE CF (bi nary_n_expression);
END_ENTI TY;

ENTI TY bool ean_expr essi on
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ABSTRACT SUPERTYPE CF (ONECF (conpari son_expressi on))
SUBTYPE OF (expression);
END _ENTI TY;

ENTI TY conpari son_expressi on
ABSTRACT SUPERTYPE CF (ONECF (conpari son_greater_equal ,
conpari son_|l ess_equal ))
SUBTYPE OF (bool ean_expression, binary_gen_expression);
SELR bi nary_gen_expr essi on. operands: LIST [2:2] CF
generi c_expressi on;
END_ENTI TY;

ENTI TY conpari son_gr eat er _equal

SUBTYPE OF (conpari son_expression);
END _ENTI TY;
ENTI TY conpari son_| ess_equal

SUBTYPE CF (compari son_expression);
END_ENTI TY;
ENTI TY mat henati cal _stri ng;
text_representation: text;
SGWML_representation: CPTI ONAL text;
END _ENTI TY;
ENTI TY SI R product _version
SUBTYPE OF (product _definition_formation);
WHERE

WRL: S| ZECH( USEDI N( SELF, ' NRF_SCHEMA'  +
' PRODUCT_DEFI N TI ON FCRVATION ) ) > 0;

END_ENTI TY:

ENTITY SIR vari abl e

SUBTYPE CF (nurreric_variable);
WHERE

WRL: (Sl ZEOF( SELF\ generi c_vari abl e.interpretation)=0) OR
((* NRF_SCHEMA. S| R_PROPERTY_USAGE IN

TYPECF( SELR generic_variable.interpretation[1].senantics)) AND

(' NRF_SCHEMA. S| R_PRCPERTY_QUANTI TATIVE IN

TYPECF( SELF\ generic_variabl e.interpretation[1].semantics. property)));

END_ENTI TY;

ENTI TY SIR paraneteri zed_function

ABSTRACT SUPERTYPE OF (ONECK( SIR pol ynom al _function, SIR tabular_function));

narre: | abel ;
description: text;
formul a: OPTI ONAL mat hemrati cal _stri ng;
paraneters: LIST[1:?] OF UN QUE SIR vari abl e;
result: SIR variable;

END_ENTI TY:

ENTI TY SI R pol ynom al _function
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SUBTYPE OF (SIR paraneterized_function);
| ower _bound_expressi ons: SET[0: ?] OF conparison_| ess_equal ;
upper _bound_expressi ons: SET[0: ?] OF conparison_greater_equal ;
pol ynom expr essi on: nuneri c_expr essi on;

WHERE

WR1: val i d_bounded_vari abl es(| ower _bound_expr essi ons,
SELR SI R paranet eri zed_f uncti on. paraneters);

WR2: val i d_bounded_vari abl es(upper _bound_expr essi ons,
SELR SI R paranet eri zed_f uncti on. paraneters);

END_ENTI TY;
ENTI TY SIR_tabul ar_function
SUBTYPE CF (SIR paraneterized_function);
paraneter_values: LIST[1:?] OF |list_ascending_real _literals;
result_values: list_real literals;
interpol ation_type: tabul ar_interpolation;
i nterpol ati on_degree: CPTI ONAL tabul ar_i nt er pol ati on_degr ee;
WHERE

WRL: ((interpolation_type=pol ynonm al) AND EXI STS(interpol ati on_degree)) CR
(interpol ation_type=linear_| ogarithmc);

WR2: SI ZECR( SELR SI R par anet eri zed_function. paraneters) =
S| ZECF( par anet er _val ues) ;

WR3: consi stent _si ze(paranet er_val ues, result_val ues);
END_ENTI TY;
ENTI TY SIR cyclic_tabul ar_function
SUBTYPE CF (SIR tabul ar_function);
period: real literal;
WHERE
WRL: S| ZEOF(SELR\ SI R par anet eri zed_f uncti on. par aret er s) =1;
END_ENTI TY;
ENTI TY SI R_nodel
SUBTYPE CF (representation);
id: identifier;
version_id: identifier;

description: text;

SELR\ representation.itens: SET[1:?] OF SIR nodel _constituent;
UN QUE

URL: id, version_id;
END_ENTI TY:

ENTI TY SI R node

SUBTYPE CF (representation_iten);
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id: identifier;
classes: LIST[1:?7] OF UNQUJE type_qualifier;

DER VE

itemof: BAG CF representation : = USED N SELF,
' NRF_SCHEVA. REPRESENTATI ONL | TEMS' ) ;

WHERE
WRL: SI ZECH( QUERY(rep <* itemof|' NRF_SCHEMA SIR MIDEL' | N TYPECH(rep))) =1,
END_ENTI TY;
ENTI TY SI R _node_rel ati onship
SUBTYPE CF (representation_iten);

id: identifier;
classes: LIST[1:?7] OF UNQUJE type_qualifier;

nodes: LIST[2:?] OF SI R node_or_usage;
DERI VE

itemof: BAG CF representation : = USED N SELF,
" NRF_SCHEMA. REPRESENTATI CNL | TEMB' ) ;

WHERE
WRL: Sl ZEGF(QUERY(rep <* itemof |' NRF_SCHEMA. SIR MDEL' I N TYPECH(rep)))=1;
END_ENTI TY:
ENTI TY SI R subnodel _usage
SUBTYPE CF (napped_iten;

id: identifier;
DER VE

itemof: BAG OF representation : = USED N SELF,
' NRF_SCHENVA. REPRESENTATI ONL | TEMS' ) ;

WHERE

WRL: ' NRF_SCHEMA. SIR MDEL' IN
TYPECQF( SELR mapped_i t em mappi ng_sour ce. mapped_r epr esent ati on) ;

WR2: (" NRF_SCHEMA. SIR NCDE' I N
TYPECQF( SELR mapped_i t em mappi ng_sour ce. mappi ng_origin)) AND (SELF IN
SELR mapped_i t em mappi ng_sour ce. mapped_r epresentati on.itens);
WR3: ' NRF_SCHEMA. SI R_NCDE | N TYPECH( SELF mapped_i t em mappi ng_t arget) ;
WR4: S| ZECF(QUERY(rep <* itemof|' NRF_SCHEVA. SIR_ MCDEL' | N TYPECGH(rep)))=1;
END _ENTI TY;
ENTI TY SI R_node_usage
SUBTYPE CF (representation_iten);

used_subnodel : SI R subnodel _usage;

conponent: Sl R _node;
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WHERE
WRL: component | N used_subnodel . mappi ng_sour ce. mapped_r epresent ati on. it ens;
END_ENTI TY:
ENTI TY SI R node_rel ati onshi p_usage
SUBTYPE CF (representation_iten);
used_subnodel : SI R subnodel _usage;
conponent: Sl R node_rel ati onshi p;
WHERE
WRL: component | N used_subnodel . nappi ng_sour ce. mapped_r epresent ati on. it ens;
END_ENTI TY:
ENTI TY SI R _conponent _sequence;
id: identifier;
name: CPTI CNAL | abel ;
conponents: LIST[1:?] OF UNQUE Sl R network_conponent ;
END_ENTI TY:
ENTI TY SIR |ist_of _descriptive_val ues;
nane: | abel;
entries: LIST[1:?] OF UNQE STR NG
I NVERSE
applicable for: SET[1:?] COF SIR applicability_of_val ues FCR vali d_dat a;
END_ENTI TY;
ENTITY SIR Iist_of _functions;
nane: | abel ;
entries: LIST[1:?] OF UN QJE SIR parameterized_function;
I NVERSE
applicable for: SET[1:?] OF SIR applicability_of_values FOR val i d_dat a;
END_ENTI TY;
ENTI TY SI R property_nane;
nane: | abel;
UN QUE nane;
END_ENTI TY;
ENTI TY SIR property cl ass
ABSTRACT SUPERTYPE OF (ONECF(SI R property_scal ar, SIR property_tensor));

name: S| R property_narne;
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END_ENTI TY:
ENTI TY SIR property_scal ar
ABSTRACT SUPERTYPE OF (ONECH(SI R property _descriptive, SIR property quantitative,
SIR property_functional))
SUBTYPE OF (SIR property_class) ;
symretry: OPTIONAL SIR property_symretry;
END_ENTI TY;
ENTI TY SIR property_descriptive
SUBTYPE CF (SIR property_scal ar) ;
DERI VE

val ue_containers: SET OF SIR |ist_of _descriptive_values :=
get _cont ai ner s(SELF) ;
WHERE

WRL: S| ZEGF(val ue_cont ai ners) >=1;
END_ENTI TY:

ENTI TY SIR property_functional
SUBTYPE CF (SIR property_scal ar) ;
DERI VE
function_containers: SET OF SIR |ist_of_functions := get_containers(SELF);
WHERE
WRL: S| ZECH(functi on_cont ai ners) >=1;
END_ENTI TY;
ENTI TY SIR applicability_of _val ues;
valid data: SIRIist_of values_or_functions;
val i d_usage: SIR property_usage;
WHERE
WRL: ((' NRF_SCHEMA SIR LI ST_OF DESOR! PTI VE_VALUES | N TYPEC(val i d_dat a))
'(A',\DI\H:_SO-EI\A S| R_PROPERTY_DESCRI PTI VE | N TYPECH(val i d_usage. property))) OR
((" NRF_SCHEMA. SIR LI ST_OF_FUNCTIONS | N TYPECOR(val i d_data)) AND
(" NRF_SCHEMA. SI R_PRCPERTY_FUNCTI ONAL' | N TYPECK(val i d_usage. property)));
END_ENTI TY:
ENTI TY SIR property quantitative
SUBTYPE OF (SIR property_scalar) ;
END_ENTI TY:
ENTI TY SIR property_tensor
SUBTYPE OF (SIR property_cl ass);
tensor_order: | NTECER
dimensional ity: | NTEGER

I NVERSE
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nmenbers: SET[1:?] OF SIR scalar_in_tensor FCR tensor;
WHERE
WRL: (tensor_order=1) OR (tensor_order=2) OR (tensor_order=4);
WR2: ((tensor_order=1) AND (di nensionality>=2)) CR
((tensor_order=2) AND ((dimensionality=2) CR (dinmensionality=3))) CR
((tensor_order=4) AND ((dimensionality=2) CR (dimensionality=3)));
END_ENTI TY:
ENTI TY SIR scal ar_in_tensor ;
tensor: SIR property_tensor;
scalar: SIR property_scal ar;
posi tion: | NTECER,
rol es: SIR property_meani ng;
UNL QUE
URL: position, tensor;
WHERE

WRL: (position>=1) AND (position<=
(tensor. di mensi onal i ty**tensor. tensor_order));

END_ENTI TY:
ENTI TY SI R property_rmeani ng;
roles: LIST[1:?] OF UNQUJE type_qualifier;
END_ENTI TY:
ENTI TY SI R aspect;
nane: | abel;
val ued_property: SIR property_usage;
lifetime: SIRIifetine_type;
conponent _sequence: Sl R _conponent _sequence;
scans: LIST[1:?] OF SIR scan;
WHERE
WRL: (Sl ZECK(scans)=1) CR
(Sl ZECF( QUERY( scan<*scans| (' NRF_SCHEVA. SIR_SCAN DER VED | N TYPECF( SELF)))) =0)
OR (NOT EXI STS(val ued_property. at o_case. absci ssa_sequenci ng) ) ;
END_ENTI TY:
ENTI TY SI R at o_canpai gn
SUBTYPE OF (group);
of _project: organi zational _project;

in_context: application_context_el enent;
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END_ENTI TY;
ENTI TY SIR ato_case;

id: identifier;

nane: | abel;

description: text;

root _nodel : Sl R rodel ;

absci ssa_cl ass: SI R property_usage;

absci ssa_sequenci ng: CPTIONAL SI R absci ssa_sequenci ng_t ype;

| NVERSE

canpai gn_nenber shi p: SI R _case_i n_canpai gn FOR cases;
UNL QUE

URL: id, canpai gn_nenbership;
WHERE

WRL: SELF :=: abscissa_cl ass. ato_case;

WR2: (' NRF_SCHEMA SI R PROPERTY_QUANTI TATI VE I N
TYPECF( absci ssa_cl ass. property))
OR (' NRF_SCHEVA. SI R_PROPERTY_DESCRI PTI VE | N TYPECH(absci ssa_cl ass. property));
END_ENTI TY:
ENTI TY SI R case_i n_canpai gn
SUBTYPE OF (group_assignnent);
SELR\ group_assi gnnent . assi gned_group: SI R ato_canpai gn;
cases: SET[1:?] COF SIR ato_case;
END_ENTI TY:
ENTI TY SI R at o_phase;
id: identifier;
nane: | abel;
description: text;
of _case: SIR ato_case;
UNL QUE
URL: id, of_case;
END_ENTI TY:
ENTITY SIR.initial _conditioning;
condi tioned _data: SIR case_or_phase;
initial _condition: SIR aspect;
END_ENTI TY:
ENTI TY SI R _property_usage
SUBTYPE CF (vari abl e_semantics);
of case: SIR ato_case;

property: SIR property_cl ass;
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neani ng: S| R _property_neani ng;
END_ENTI TY:
ENTI TY SI R scan;
absci ssa_val ue: CPTI ONAL SI R nunber _or_stri ng;
mask: CPTI ONAL SI R nmask;
val ues: LIST[1:?] OF SIR nunber_or_string;
| NVERSE
aspect: SIR aspect FCR scans;
END_ENTI TY;
ENTI TY SI R_nask;
defined_ranges: SET[1:?] OF SIR.index_interval;
END_ENTI TY;
ENTI TY SI R unit_assi gnnent ;
in_case: SIR ato_case;

for_property: SIR property_scal ar;
assigned_unit: unit;

N QUE
URL: in_case, for_property, assigned_unit;
END_ENTI TY;
FUNCTI ON acycl i c_product _definition_rel ationship
(relation : product _definition_rel ati onshi p;
rel atives : SET COF product _definition;
specific_relation : STRNG : LOE CAL;
LOCAL
X : SET CF product _definition_relationship;
i o I NTECGER
local _relatives : SET OF product_definition;
END_LOCAL;
REPEAT i := 1 TOHINDEX(rel atives);
IF relation.relating product_definition := relatives[i] THEN
RETURN( FALSE) ;
END | F;
END_REPEAT;

X := bag_to_set(USED N (rel ation.rel ating_product_definition,
specific_relation));
local relatives :=relatives +
relation. rel ati ng_product _definition;
IF SIZECF(x) > 0 THEN
REPEAT i := 1 TO H I NDEX(X);
I F NOT acyclic_product _definition_relationship
(x[i], local _relatives, specific_relation) THEN
RETURN( FALSE) ;
END | F;
END_REPEAT;
END | F;
RETURN( TRUE) ;
END_FUNCTI ON

FUNCTION valid_time (time: local _tine) : BOCLEAN
IF EXI STS (tine. second_comnmponent) THEN
RETURN (EXI STS (tine. m nute_conponent));
ELSE
RETURN (TRUE) ;
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END | F;
END_FUNCTI O\

FUNCTI ON val i d_cal endar _date (date : cal endar_date) : LOQd CAL;

IF NOT ({1 <= date.day_conponent <= 31}) THEN

RETURN( FALSE) ;

END I F;

CASE dat e. mont h_conponent CF
4 . RETURN({ 1<= date. day_conponent <= 30});
6 : RETURN({ 1<= date. day_conponent <= 30});
9 : RETURN({ 1<= date.day_conponent <= 30});
11 . RETURN({ 1<= date. day_conponent <= 30});
2 .
BEGA N

I F (I eap_year (dat e. year _conponent)) THEN
RETURN({ 1<= date. day_conponent <= 29});
ELSE
RETURN({ 1<= date. day_conponent <= 28});
END | F;

OTHERW SE : RETURN( TRUE) ;

FUNCTI ON | eap_year (year : year_nunber) : BOCOLEAN

IF ((((year MD 4) = 0) AND ((year MDD 100) <> 0)) CR
((year MCD 400) = 0)) THEN

RETURN( TRUE) ;
ELSE
RETURN( FALSE) ;
END | F;
END_FUNCTI ON
FUNCTI ON bag_to_set (the_bag : BAGCOF GENERIC : intype) : SET OF GENER C
i ntype;
LOCAL
the_set: SET G- GENERIC : intype :=[];
i : | NTEGER
END_LOCAL;
IF SIZECF (the_bag) > 0 THEN
REPEAT i := 1 to HINDEX (the_bag);
the_set :=the_set + the bag [i];
END_REPEAT;
END | F;

RETURN (the_set);
END_FUNCTI O\
FUNCTION valid_units ( m: measure_with unit ) : BOOLEAN ;

I F ' NRF_SCHEMA. LENGTH MEASURE | N TYPECF ( m val ue_conponent )

THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);
END | F;
END | F;

I F ' NRF_SCHEMA. MASS MEASURE | N TYPECF ( mval ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);

A-28 NRF-002-AP Release 1.4 (15 November 1996)



A.2 AIM EXPRESS expanded listing

END I F;
END | F;

I F ' NRF_SCHEMVA. TI ME_MEASURE | N TYPECF ( mval ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN ( FALSE) ;
END | F;
END | F;

| F ' NRF_SCHEMA. ELECTR C_CURRENT_MEASURE' | N TYPECF (
m val ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0 ) THEN
RETURN ( FALSE);
END | F;
END I F;
F ' NRF_SCHEMA. THERMODYNAM C_TEMPERATURE_MEASURE
N TYPECF ( mval ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0 ) THEN
RETURN ( FALSE) ;
END | F;
END | F;

I'F ' NRF_SCHEVA. AMOUNT_CF_SUBSTANCE_MEASURE | N TYPECF (
m val ue_conponent ) THEN
I F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0 ) THEN
RETURN ( FALSE) ;
END | F;
END | F;

I F ' NRF_SCHEMA. LUM NOUS_| NTENSI TY_MEASURE | N TYPECF (
m val ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0 ) THEN
RETURN ( FALSE) ;

END | F;
END | F;
I F ' NRF_SCHEMA PLANE_ANGLE_MEASURE' | N TYPECF ( m val ue_conponent
) THEN
I F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN ( FALSE) ;
END | F;
END | F;
I F ' NRF_SCHEMA SOLI D ANGLE_ MEASURE | N TYPECF ( m val ue_conponent
) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di mensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN ( FALSE) ;
END | F;
END | F;

I F ' NRF_SCHEMA. AREA MEASURE | N TYPECF ( mval ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 2.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN ( FALSE);
END | F;
END I F;

I F ' NRF_SCHENVA VOLUVE_MEASURE | N TYPECF ( m val ue_conponent )
THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
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di nensi onal _exponents ( 3.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);
END | F;
END | F;

I F ' NRF_SCHEVA. RATI O MEASURE | N TYPECF ( mval ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);
END | F;
END I F;

I F ' NRF_SCHEVA PCSI Tl VE_LENGTH MEASURE | N TYPECF (
m val ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);
END | F;
END | F

I F ' NRF_SCHEVA PCSI Tl VE_PLANE_ ANGLE_MEASURE | N TYPECF (
m val ue_conponent ) THEN
| F derive_di nensi onal _exponents ( munit_conponent ) <>
di nensi onal _exponents ( 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 ) THEN
RETURN (FALSE);
END | F;
END | F

RETURN (TRUE) ;
END_FUNCTI O\

FUNCTI ON deri ve_di nensi onal _exponents (X : unit) :
di nensi onal _exponent s;

LOCAL
i o I NTECGER
result : dimensional _exponents :=
di nensi onal _exponents(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0);
END _LQCAL;

IF '"NRF_SCHEMA. DERIVED UINT' I N TYPECH(x) THEN
REPEAT i := LA NDEX(x. el ements) TO H | NDEX(x. el enent s) ;

resul t. | engt h_exponent =
result.| engt h_exponent +
(x. el ements[i].exponent *
x. el enents[i].unit.dinensions.|ength_exponent);

resul t. mass_exponent =
resul t. mass_exponent +
(x.elements[i].exponent *
x. el ements[i].unit.dimensions. nass_exponent);

result.ti me_exponent :=
result.time_exponent +
(x.elenments[i].exponent *
x. el ements[i].unit.dinensions.tinme_exponent);

result.el ectric_current_exponent =
resul t.electric_current_exponent +
(x. el ements[i].exponent *
x. el ements[i].unit.dinensions.electric_current_exponent);

resul t.t her modynan c_t enper at ur e_exponent : =
resul t. t her nodynani c_t enper at ur e_exponent +
(x.elements[i].exponent *
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x. el ements[i].unit.dinensions.thermodynam c_t enper at ur e_exponent);

resul t. anmount _of _subst ance_exponent 1=
resul t. amount _of _subst ance_exponent +
(x.elements[i].exponent *
x. el ements[i].unit.dinmensions. anount _of _subst ance_exponent) ;

resul t. | um nous_i ntensity_exponent D=
result.|um nous_i ntensity_exponent +
(x. el ements[i].exponent *
X. el ements[i].unit.dinensions.|unmnous_intensity_exponent);

END_REPEAT;
ELSE
result := x.dinensions;
END | F;
RETURN (result);
END FUNCTI O\

FUNCTI ON di mensi ons_for_si _unit (n : si_unit_name) :
di mensi onal _exponent s;

CASEn CF

nmetre : RETURN (di nensi onal _exponent s

(1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0));
gram : RETURN (di nensi onal _exponent s

(0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0));
second : RETURN (di nensi onal _exponents

(0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0));
anper e : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0));
kel vin : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0));
nol e : RETURN (di nensi onal _exponents

(0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0));
candel a : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0));
radi an : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0));
st eradi an : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0));
hertz . RETURN (di nensi onal _exponent s

(0.0, 0.0, -1.0, 0.0, 0.0, 0.0, 0.0));
newt on : RETURN (di nensi onal _exponent s

(1.0, 1.0, -2.0, 0.0, 0.0, 0.0, 0.0));
pascal : RETURN (di nensi onal _exponent s

(-1.0, 1.0, -2.0, 0.0, 0.0, 0.0, 0.0));
joule : RETURN (di nensi onal _exponent s

(2.0, 1.0, -2.0, 0.0, 0.0, 0.0, 0.0));
wat t : RETURN (di nensi onal _exponent s

(2.0, 1.0, -3.0, 0.0, 0.0, 0.0, 0.0));
coul onb : RETURN (di nensi onal _exponent s

(0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0));
vol t : RETURN (di nensi onal _exponent s

(2.0, 1.0, -3.0, -1.0, 0.0, 0.0, 0.0));
farad : RETURN (di nensi onal _exponent s

(-2.0, -1.0, 4.0, 1.0, 0.0, 0.0, 0.0));
ohm . RETURN (di nensi onal _exponents

(2.0, 1.0, -3.0, -2.0, 0.0, 0.0, 0.0));
si enens : RETURN (di nensi onal _exponents

(-2.0, -1.0, 3.0, 2.0, 0.0, 0.0, 0.0));
weber : RETURN (di nensi onal _exponent s

(2.0, 1.0, -2.0, -1.0, 0.0, 0.0, 0.0));
tesla : RETURN (di nensi onal _exponent s

(0.0, 1.0, -2.0, -1.0, 0.0, 0.0, 0.0));
henry : RETURN (di nensi onal _exponents

(2.0, 1.0, -2.0, -2.0, 0.0, 0.0, 0.0));
degree_Cel sius : RETURN (di mensi onal _exponent s
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(0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0)):

| unen : RETURN (di nensi onal _exponent s

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0));
| ux : RETURN (di nensi onal _exponents

(-2.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0));
becquer el : RETURN (di nensi onal _exponent s

(0.0, 0.0, -1.0, 0.0, 0.0, 0.0, 0.0));
gray : RETURN (di nensi onal _exponent s

(2.0, 0.0, -2.0, 0.0, 0.0, 0.0, 0.0));
si evert : RETURN (di nensi onal _exponents

(2.0, 0.0, -2.0, 0.0, 0.0, 0.0, 0.0));

END CASE;
END_FUNCTI O\

FUNCTI ON usi ng_representations (item: representation_item
. SET OF representation;

LOCAL
results : SET CF representation;
resul t _bag . BAG CF representation;
intermediate_itens : SET CF representation_item
i ;I NTEGER

END LOCAL;

result_bag := USED N(item ' NRF_SCHEMA. REPRESENTATI ON | TEVS' );

I F SI ZECH(resul t _bag) > 0 THEN

REPEAT i := 1 TO HINDEX(result_bag);
results :=results + result_bag[i];
END_REPEAT;
END | F;

intermediate_itens := QUERY(z <* bag_to_set( USEDIN(item, '")) |
" NRF_SCHEMA. REPRESENTATI CN | TEM | N TYPECK(z) ) ;

IF Sl ZECF(i ntermedi ate_itens) > 0 THEN

REPEAT i := 1 TOH INDEX(internedi ate_itens);
results :=results + using_representations(intermediate_itens[i]);
END_REPEAT;
END | F;

RETURN (results);
END_FUNCTI O\

FUNCTI ON i tem i n_cont ext
(item : representation_item
cntxt : representation_context) : BOOLEAN
LOCAL
i : | NTECER
y : BAG OF representation_item
END_LQOCAL;

I F SI ZEGF(USED N(item ' NRF_SCHEVA. REPRESENTATI ONL | TEMVS' )
* cntxt.representations_in_context) > 0 THEN
RETURN (TRUE) ;

ELSE
y := QERY(z <* USEDIN (item, "'")
" NRF_SCHENVA. REPRESENTATI ON I TEM I N TYPECQH(Z) ) ;
IF SIZECH(y) > 0 THEN
REPEAT i := 1 TO H I NDEX(Y);
IFitemin_context(y[i], cntxt) THEN

RETURN ( TRUE) ;
END | F;
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END_REPEAT;
END | F;
END I F;
RETURN (FALSE);
END_FUNCTI O\

FUNCTI ON acycl i c_napped_r epresent ati on
(parent _set : SET OF representation;
children_set : SET CF representation_iten) : BOOLEAN
LOCAL
X,y : SET OF representation_item
i : I NTEGER,
END LOCAL;

X := QERY(z <* children_set | ' NRF_SCHEMA MAPPED | TEM
IN TYPECH(Z2));

|F SIZECR(x) > 0 THEN
REPEAT i := 1 TO H I NDEX(X);

IF x[i]\ mapped_i t em nmappi ng_sour ce. mapped_r epresent ati on
IN parent _set THEN
RETURN ( FALSE);

END | F;

I'F NOT acyclic_mapped_representation
(parent _set +

x[i ]\ mapped_i t em mappi ng_sour ce. mapped_r epresent ati on,

x[ 1]\ mapped_i t em mappi hg_sour ce. napped_representati on.itens) THEN
RETURN ( FALSE);

END | F;

END_REPEAT;
END | F;

X := children_set - x;
| F SI ZEQF(x) > 0 THEN

REPEAT i := 1 TO H I NDEX(X);

y := QUERY(z <* bag_to_set( USEDIN(x[i], '")) |
" NRF_SCHENA. REPRESENTATI CN | TEM | N TYPECR(Z)) ;

I F NOT acycl i c_mapped_representation(parent_set, y) THEN
RETURN (FALSE) ;
END | F;
END_REPEAT;
END | F;
RETURN ( TRUE) ;
END_FUNCTI O\

FUNCTI ON acyclic (argl : generic_expression; arg2 : SET CF generic_expression):
BOOLEAN

LOCAL

resul t: BOOLEAN
END_LOCAL;
I F (" NRF_SCHEMA. SI MPLE_CGEN_EXPRESS| ON
IN TYPECF (argl))
THEN RETURN ( TRUE) ;
END | F;

IF argl IN arg2
THEN RETURN (FALSE);
END I F;

I F ' NRF_SCHENVA. UNARY_GEN_EXPRESS| ON
IN TYPECF (argl)
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THEN RETURN (acycl i c(argl\unary_gen_expressi on. operand, arg2+[ argl]));
END | F;

I F ' NRF_SCHENVA Bl NARY_GEN EXPRESSI ON
IN TYPECF (argl)
THEN RETURN (acycl i c(argl\bi nary_gen_expressi on. oper ands[ 1],
arg2+[argl]) AND acyclic(argl\bi nary_gen_expressi on. operands[ 2],
arg2+fargl]));
END | F;

I F ' NRF_SCHEMVA. M _ARY_GEN EXPRESSI ON
I'N TYPECF (argl)

THEN result : = TRUE

REPEAT i := 1 TO SI ZECF (argl\m ary_gen_expressi on. oper ands) ;
result :=result AND
acyclic(argl\mary_gen_expressi on.operands[i], arg2+[argl]);

END_REPEAT;

RETURN (result);

END | F;

END_FUNCTI QN

FUNCTION i s_acyclic (arg : generic_expression): BOOLEAN
RETURN (acyclic (arg, [1));
END FUNCTI ON

FUNCTI ON syntactic_variable_type (arg : generic_expression): STR NG
I F ' NRF_SCHEVA. | NT_NUMVERI C VAR ABLE | N TYPECF (ar Q)
THEN
RETURN (' I NTEGER ) ;
END | F;
| F " NRF_SCHEMA REAL_NUMERI C VAR ABLE | N TYPECF (ar g)
THEN
RETURN (' REAL');
END | F;
| F ' NRF_SCHEMA. BOOLEAN VAR ABLE | N TYPECF (arg)
THEN
RETURN (' BOOLEAN );
END | F;
I F ' NRF_SCHEMA STRI NG VAR ABLE | N TYPECF (arg)
THEN
RETURN (' STRING ) ;
END | F;
RETURN (' ERRCR TYPE ) ;
END_FUNCTI O\

FUNCTI ON synt acti c_bool ean_expressi on_type (arg : generic_expression):
STRI NG
LOCAL
c_arg : conparison_expression ;
i INTECER ;
END LOCAL ;

I F ' NRF_SCHEVA. BOOLEAN LI TERAL' | N TYPECF (arQg)
THEN

RETURN (' BOCLEAN );
END | F;
I F ' NRF_SCHEVA. VAR ABLE | N TYPECF (ar Q)
THEN

RETURN (syntactic_variable_type (arg)) ;
END | F;

I F ' NRF_SCHENVA. COVWPARI SCN_EXPRESSI ON | N TYPECF (ar g)
THEN
c_arg := arg\conpari son_expression ;

| F ' NRF_SCHEMA. COVPAR SON EQUAL' | N TYPECF (c_arg)
THEN

A-34

NRF-002-AP Release 1.4 (15 November 1996)



A.2 AIM EXPRESS expanded listing

IF (syntactic_expression_type (c_arg.operands [1]) = STRING)
AND (syntactic_expression_type (c_arg.operands [2]) = STRNG)

THEN
RETURN (' BOCLEAN );
END I F;
IF ((syntactic_expression_type(c_arg.operands[1]) = '|NIEGER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL")
AND ( syntactic_expression_type(c_arg.operands [2]) =
"I NTEGER )
CR (syntactic_expression_type (c_arg.operands [2]) = 'REAL'))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERRCR TYPE ) ;
END | F;
END | F;
I F ' NRF_SCHEMA. COWPAR SON GREATER I N TYPECF (c_arg)
THEN
IF (syntactic_expression_type (c_arg.operands [1]) = "'STR NG)
AND (syntactic_expression_type (c_arg.operands [2]) = STRNG)
THEN

RETURN (' BOOLEAN );
END | F;
IF ((syntactic_expression_type (c_arg.operands[1]) = |NTECGER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL'))
AND ((syntactic_expression_type (c_arg.operands [2]) = 'INIEGER)
CR (syntactic_expression_type (c_arg.operands [2]) = 'REAL'))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END | F;

I F NRF_SCHENVA. COMPARI SON_ GREATER EQUAL' I N
TYPECF(c_ar Q)
THEN

IF (syntactic_expression_type (c_arg.operands [1]) = "'STR NG)
AND (syntactic_expression_type (c_arg.operands [2]) = 'STRNG)

THEN
RETURN (' BOCLEAN );
END | F;
IF ((syntactic_expression_type (c_arg.operands[1]) = "'INIEGER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL'))
AND ((syntactic_expression_type (c_arg.operands [2]) = 'INIECER)
CR (syntactic_expression_type (c_arg.operands [2]) = 'REAL'))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERRCR TYPE ) ;
END | F;
END | F;
I F ' NRF_SCHEMA COWPARI SON_LESS' I N TYPECF (c_arg)
THEN
I F (syntactic_expression_type (c_arg.operands [1]) = 'STRING)
AND (syntactic_expression_type (c_arg.operands [2]) = 'STRNG)
THEN
RETURN (' BOCLEAN );
END | F;
IF ((syntactic_expression_type (c_arg.operands[1]) = "'INIEGER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL'))
AND ((syntactic_expression_type (c_arg.operands [2]) = 'INIECGER)
CR (syntactic_expression_type (c_arg.operands [2]) = 'REAL'))
THEN
RETURN (' BOOLEAN );
ELSE
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RETURN (' ERRCR TYPE ) ;
END | F;
END I F;

I F ' NRF_SCHEMA. COWPARI SON_LESS EQUAL" | N TYPECF
(c_arg)
THEN
IF (syntactic_expression_type (c_arg.operands [1]) = "'STR NG)
AND (syntactic_expression_type (c_arg.operands [2]) = "'STR NG)

THEN
RETURN (' BOOLEAN );
END | F;
IF ((syntactic_expression_type (c_arg.operands[1]) = "'INIECER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL'))
AND ((syntactic_expression_type (c_arg.operands [2]) = 'INIEGER)
CR (syntactic_expression_type (c_arg.operands [2]) = 'REAL'))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;
I F ' NRF_SCHEMVA. COVPAR SON NOT_EQUAL' | N TYPECF
(c_arg)
THEN

IF ((syntactic_expression_type (c_arg.operands [1]) = 'STRNG)
AND (syntactic_expression_type (c_arg.operands [2]) = 'STRING))

THEN
RETURN (' BOCLEAN );
END | F;
IF ((syntactic_expression_type (c_arg.operands[1]) = "'INIEGER )
CR (syntactic_expression_type (c_arg.operands [1]) = 'REAL'))
AND ((syntactic_expression_type (c_arg.operands [2]) = 'INIECGER)
CR (syntacti c_expression_type (c_arg.operands [2]) = 'REAL"))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;
| F ' NRF_SCHEMA LI KE_EXPRESSI ON' | N TYPECF (c_arg)
THEN
IF ((syntactic_expression_type (c_arg.operands [1]) = 'STRING)
AND (syntactic_expression_type (c_arg.operands [2]) = 'STRNG))
THEN
RETURN (' BOCLEAN );
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;
END | F;
END_FUNCTI QN

FUNCTI ON syntacti c_nuneric_expression_type (arg : generic_expression) : STR NG
LOCAL
i INTEGER ;
u_arg : unary_n_expression ;
marg : mary_n_expression ;
b_arg : binary_n_expression ;
bool : BOOLEAN ;
END LCCAL ;
IF ' NRF_SCHEMA | NT_LI TERAL' I N TYPECF (arg)
THEN RETURN (' | NTEGER );
END | F;
I F ' NRF_SCHEVA. REAL_LI TERAL' I N TYPECF (arg)
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THEN RETURN (' REAL');
END | F;
I F ' NRF_SCHEMA. VAR ABLE | N TYPECF (arQg)

THEN RETURN (syntactic_variable_type (arg));
END | F;

I F ' NRF_SCHEMA Bl NARY_N EXPRESSI ON | N TYPECF (arg)
THEN b_arg : = arg\ bi nary_n_expressi on;

I'F ' NRF_SCHENVA. M NUS_EXPRESSI ON | N TYPECF (b_arg)
THEN
IF (syntactic_nuneric_expression_type(b_arg.operands [1]) =
"I NTEGER )
AND (syntactic_nuneric_expression_type(
b_arg.operands [2]) = "'INIEGER )
THEN
RETURN (' I NTEGER );
ELSE
IF ((syntactic_nuneric_expression_type(b_arg.operands [1]) =
"REAL')
CR (syntactic_nureri c_expressi on_type(
b_arg.operands [1]) = "INTEGER ))
AND (syntactic_nuneric_expression_type(
b_arg.operands [2]) = "'REAL")
CR (syntactic_numeri c_expressi on_type(
b_arg.operands [2]) = "'INIEGER )
THEN
RETURN (' REAL') ;
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END I F;
END | F;

I F ' NRF_SCHEMA DI V_EXPRESSI ON' | N TYPECF (b_arg)
THEN
I F (syntactic_nuneric_expression_type(b_arg.operands [1]) =
"I NTEGER )
AND (syntactic_nuneric_expression_type(
b_arg.operands [2]) = "'INIEGER )
THEN
RETURN (' I NTEGER );
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;

I F ' NRF_SCHENVA. MCD_EXPRESSI ON | N TYPECF (b_arg)
THEN
I F (syntactic_nuneric_expression_type(b_arg.operands [1]) =
"I NTEGER )
AND (syntactic_nuneric_expression_type(
b_arg.operands [2]) = "'INIEGER )
THEN
RETURN (' I NTEGER );
ELSE
RETURN (' ERRCR TYPE ) ;
END | F;
END | F;

| F NRF_SCHEMA. SLASH EXPRESSI N | N TYPECF (b_arg)
THEN
IF ((syntactic_nuneric_expression_type(b_arg.operands [1]) = 'REAL')
CR (syntactic_numeri c_expressi on_type(
b_arg.operands [1]) = "INTEGER))
AND (syntactic_nuneric_expression_type(
b_arg.operands [2]) = 'REAL")
OR (syntactic_numeri c_expressi on_t ype(
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b_arg.operands [2]) = 'INTEGER)
THEN
RETURN (' REAL') ;
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END | F;
I F ' NRF_SCHENMA. PONER_ EXPRESSI ON' I N TYPECF (b_arg)
THEN
I F (syntactic_nuneric_expression_type(b_arg.operands [1]) =
"I NTEGER )
THEN
I F (syntactic_nuneric_expression_type(b_arg. operands[2]) =
"I NTEGER )
THEN
RETURN (' INTEGER ) ;
END | F;
IF (syntactic_nuneric_expression_type(b_arg.operands [2]) = "'REAL")
THEN
RETURN (' REAL');
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END | F;
I F (syntactic_nuneric_expression_type(b_arg.operands [1]) = 'REAL")
THEN
IF (syntactic_nuneric_expression_type(b_arg.operands[2]) =
"I NTEGER )
CR (syntactic_nureri c_expression_type(b_arg. operands[2])=
"REAL')
THEN
RETURN (' REAL');
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END | F;
END | F;
RETURN (' ERROR TYPE' ) ;
END | F;
| F ' NRF_SCHEMA M ARY_N EXPRESSI ON' | N TYPECF (arg)
THEN
marg := arg\mary_n_expression ;

| F ' NRF_SCHEMA PLUS_EXPRESSI ON | N TYPECF (m ar g)

THEN bool := TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;
I F (syntactic_nuneric_expression_type(marg. operands[i])
<> ' | NTECER )
THEN bool : = FALSE ;
END | F;
END_REPEAT;
I F bool THEN RETURN (' I NTEGER );
END | F;
bool := TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;
IF (syntactic_numeric_expression_type(m.arg. operands[i])
< 'REAL' )

AND (syntactic_nuneric_expression_type(marg.operands[i])
<> "INTEGER )
THEN bool : = FALSE ;
END | F;
END REPEAT;
| F bool THEN RETURN (' REAL');
ELSE RETURN (' ERRCR TYPE );
END | F;
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END | F;
I F ' NRF_SCHENMA. MILT_EXPRESSI N | N TYPECF (m arg)
THEN bool : = TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;
IF (syntactic_nuneric_expression_type(marg. operands[i])
<> ' NTEGER )
THEN bool : = FALSE ;
END | F;
END_REPEAT;
I F bool THEN RETURN (' I NTEGER );
END | F;
bool := TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;

I F (syntactic_nuneric_expression_type(marg.operands[i]) <> 'REAL

AND (syntactic_nuneric_expression_type(marg. operands[i])
<> "INTEGER )
THEN bool : = FALSE ;

END | F;
END_REPEAT;
I F bool
THEN
RETURN (' REAL');
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;
I F ' NRF_SCHEVA. MAXI MUM FUNCTI ON | N TYPECF (m arg)
THEN bool : = TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;
I F (syntactic_nuneric_expression_type(marg. operands[i])
<> "I NTEGER )
THEN bool : = FALSE ;
END | F;
END_REPEAT;
I F bool
THEN
RETURN (' I NTEGER );
END | F;
bool := TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;

I F (syntactic_nuneric_expression_type(marg.operands[i]) <> 'REAL

AND (syntactic_nurreri c_expression_type(marg.operands[i])
<> '"INTEGER )
THEN bool : = FALSE ;

END | F;
END_REPEAT;
I F bool
THEN
RETURN (' REAL');
ELSE
RETURN (' ERRCR TYPE );
END | F;
END | F;
I F ' NRF_SCHENVA M NLMUM FUNCTI ON | N TYPECF (m ar Q)
THEN bool := TRUE
REPEAT i := 1 TO Sl ZEGF(m ar g. oper ands) ;
IF (syntactic_nuneric_expression_type(marg.operands[i]) <>
"I NTEGER )
THEN bool : = FALSE ;
END | F;
END_REPEAT;
I F bool THEN RETURN (' I NTEGER );
END | F;
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I F (syntactic_nuneric_expression_type(marg.operands[i]) <> 'REAL

AND (syntactic_nureri c_expression_type(marg.operands[i])

bool := TRUE
REPEAT i := 1 TCsl ZEGR(m ar g. oper ands) ;
)
<> 'INTEGER )
THEN bool : = FALSE ;
END | F;
END REPEAT;
| F bool
THEN
RETURN (' REAL');
ELSE
RETURN (' ERROR TYPE ) ;
END | F;
END | F;

I F ' NRF_SCHEVA. REAL_DEFI NED_FUNCTI ON

THEN
RETURN(' REAL' ) ;
END | F;

I F ' NRF_SCHENVA. | NTEGER _DEFI NED_FUNCTI ON

TYPECH( ar g)
THEN

RETURN(' | NTEGER ) ;
END | F;
RETURN (' ERRCR TYPE ) ;
END | F;

END_FUNCTI O\

FUNCTI ON synt acti c_expression_type (arg :
IN TYPECF (arg)

| F ' NRF_SCHEMA. NUVER C_EXPRESSI ON

I N TYPECF(ar g)

I'N

generic_expression) : STRING

THEN
RETURN (syntacti c_nureri c_expression_type (arg)) ;
END | F;
I F ' NRF_SCHENMA BOOLEAN EXPRESSI ON | N TYPECF (arg)
THEN
RETURN (syntacti c_bool ean_expressi on_type (arg));
END | F;
END_FUNCTI ON
FUNCTI ON i s_SQ_nappabl e (arg: generic_expression) : BOOLEAN
LOCAL
i: I NTEGER
END_LOCAL;
IF " NRF_SCHENMA. S| MPLE_N_EXPRESSI ON
IN TYPECF (arg)
THEN
RETURN (TRUE) ;
END | F;
IF " NRF_SCHEVA. SQL_MAPPABLE_DEFI NED_FUNCTI ON
IN TYPECF (arg)
THEN
RETURN (TRUE) ;
END | F;
IF " NRF_SCHENMA. M NUS_FUNCTI CN' I N TYPECH( ar g)
THEN
RETURN (i s_SQ._ mappabl e(ar g\ unary_n_expr essi on. operand) ) ;
END | F;
IF (" NRF_SCHENVA. ABS FUNCTI ON I N TYPECF(ar g))

CR (' NRF_SCHEMA SI N_FUNCTI ON
CR (' NRF_SCHEMA. O08_FUNCTI ON
(" NRFE_SOHEMA. TAN_FUNCTI ON
(" NRF_SOHEMA. ASI N_FUNCTI ON
(" NRF_SCHEMA. ACCS_FUNCTI ON
(" NRE_SOHEMA. ATAN_FUNCTI ON

R
R
R
R

IN TYPECF(arg))
IN TYPECH(arg))
IN TYPECF(arg))
IN TYPECF(arg))
IN TYPECH(arQg))
IN TYPECF(arg))
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CR (" NRF_SCHEMA. EXP_FUNCTION I N TYPECH(ar g) )
OR (" NRF_SCHEMA LOG FUNCTION I N TYPECH(arg) )
CR (" NRF_SCHEMA LOZ_FUNCTI ON' | N TYPECF(arg))
OR (' NRF_SCHEMA. LOGLO_FUNCTI N I N TYPECR(ar g))
CR (" NRF_SCHEMA. SQUARE_ROOT_FUNCTI ON

IN TYPECH(arg))

CR (' NRF_SCHEMA. VALUE_FUNCTI ON | N TYPECR(arg))
OR (" NRF_SCHENVA. LENGTH_FUNCTI ON
IN TYPECF(arg))
THEN
RETURN (FALSE);
END | F;

IE (' NRF_SCHEMA PLUS EXPRESSION | N TYPECH(arg))
OR (' NRF_SCHEMA. MULT_EXPRESSION I N

TYPECF(arg))
OR (" NRF_SCHENMA. MAXI MM FUNCTION I N
TYPECF(arg))
CR (" NRF_SCHEMA. M NMUM FUNCTION I N
TYPECF(arg))
THEN
REPEAT i :=1 TO Sl ZECF (arg\m ary_n_expressi on. oper ands) ;
I'F NOT i s_SQ._nmappabl e(arg\mary_n_expressi on. operands[i])
THEN
RETURN (FALSE);
END | F;
END_REPEAT;
RETURN (TRUE) ;
END | F;
I F (' NRF_SCHEMA. M NUS_EXPRESSI ON INTYPECF(arg))
CR (" NRF_SCHEMA SLASH EXPRESSION I N
TYPECF(arg))
THEN

RETURN (i s_SQ._mappabl e( ar g\ bi nary_n_expr essi on. oper ands[ 1] )
AND i s_SQ _nappabl e(arg\ bi nary_n_expressi on. operands[2]));
END I F;
I F (" NRF_SCHEMA. DI V_EXPRESSI ON I N TYPEOR(ar g) )
CR (' NRF_SCHEMA. MDD _EXPRESSI N | N TYPECH(ar g) )
CR (" NRF_SCHEMA. PONER EXPRESSION I N
TYPECF(arg))
THEN
RETURN (FALSE);
END | F;
| F ' NRF_SCHEMA S| MPLE_ B _EXPRESSI ON' | N TYPECF (ar g)
THEN
RETURN (TRUE) ;
END | F;
I F ' NRF_SCHEMA. NOT_EXPRESSI ON | N TYPECF (arg)
THEN
RETURN (i s_SQ._mappabl e (arg\ UNARY_CGEN _EXPRESSI ON CPERAND) ) ;
END | F;
I F (" NRF_SCHEMVA. CDD FUNCTI ON I N TYPECF (arg))
OR (" NRF_SCHEMA. XCR EXPRESSI ON' | N TYPECF
(arg))
THEN
RETURN (FALSE) ;
END | F;
IF (" NRF_SCHEMVA. AND EXPRESSI ON I N TYPECF (arg))
OR (" NRF_SCHEMA. OR EXPRESSI ON' | N TYPECF (arg))
THEN
REPEAT i:=1 TO Sl ZECF (ar g\ M ARY_GEN EXPRESS| ON CPERANDS) ;
I'F NOT is_SQ._nmappabl e (arg\ M ARY_CGEN EXPRESSI ON CPERANDS[ i ])
THEN
RETURN (FALSE) ;
END I F;
END_REPEAT;
RETURN (TRUE) ;
END I F;
IF " NRF_SCHEMA EQUALS EXPRESSI N | N TYPECF (arg)
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THEN

RETURN (i s_SQ _mappabl e (arg\ Bl NARY_GEN EXPRESS|I ON. CPERANDS [ 1])
AND i s_SQ_nappabl e (arg\ Bl NARY_GEN EXPRESSI O\ CPERANDS [ 2]));

END | F;

I F

(arg))

(arg))
T

(" NRF_SCHENVA. COWPARI SON EQUAL' | N TYPECF (arg))
CR (' NRF_SCHEMA. COVWPAR SON_GREATER
IN TYPECF (arg))
CR (" NRF_SCHEMA. OOWPAR SCN_GREATER _EQUAL'
IN TYPECF (arg))
CR (' NRF_SCHEMA. COWPAR SON LESS' I N TYPECF

CR (" NRF_SCHEMA. COWPAR SON _LESS EQUAL'

IN TYPECF (arg))

OR (" NRF_SCHENVA. COVPAR SCN_NOT_EQUAL'

IN TYPECF (arg))

CR (' NRF_SCHEMA LI KE_EXPRESSI ON | N TYPECF

RETURN (i s_SQ._mappabl e (ar g\ COVPAR SON_EXPRESSI ON CPERANDS[ 1])
AND i s_SQ _nappabl e (ar g\ COMPAR SON_EXPRESSI ON CPERANDS] 2] ) ) ;

END I F;
RETURN (FALSE);
END_FUNCTI O\

FUNCTION i s_int_expr (arg: generic_expression) : BOOLEAN

LOCAL

i: I NTECER

END_LOCAL;
I F "NRF_SCHEMA | NT_LI TERAL' | N TYPECH(ar g)

THEN

RETURN (TRUE) ;

END | F;
I F "NRF_SCHEMA REAL_LI TERAL' | N TYPECF(ar g)

THEN

RETURN (FALSE) ;

END | F;
I F " NRF_SCHEMA | NT_NUMER C VAR ABLE | N TYPECF(ar g)

THEN

RETURN ( TRUE) ;

END I F;
| E "NRF_SCHEMA. REAL_NUMERI C VAR ABLE | N

TYPECH( ar g)

THEN

RETURN (FALSE) ;

END | F;
I F " NRF_SCHEMA ABS FUNCTI CN | N TYPECF( ar g)

THEN

RETURN (i s_int_expr(arg\unary_n_expression. operand));

END | F;
I F "NRF_SCHEMA. M NUS_FUNCTI ON | N TYPECF(ar g)

THEN

RETURN (i s_i nt_expr (arg\unary_n_expressi on. operand));

END | F;

I F

THEN

(" NRF_SCHEVA SIN_FUNCTION I N TYPECF(arg)) OR
(" NRF_SCHENVA OO5_FUNCTION I N TYPECF(arg)) OR
(" NRF_SCHENVA. TAN FUNCTI QN I N TYPECF(arg)) OR
(" NRF_SCHENVA. ASIN_ FUNCTICN I N TYPECH(arg)) CR
(" NRF_SCHENVA. ACCS_FUNCTICN I N TYPECH(arg)) CR
(" NRF_SCHENVA. ATAN FUNCTICN I N TYPECH(arg)) OR
(" NRF_SCHENVA EXP_FUNCTI ON I N TYPECF(arg)) OR
(" NRF_SCHENVA LOG FUNCTION I N TYPECF(arg)) OR
(" NRF_SCHENVA. LO&@_FUNCTI ON I N TYPECH( ar g)
(" NRF_SCHEVA. LOGLO_FUNCTION | N TYPECF(arg

(" NRF_SCHEMA. SQUARE_ROOT_FUNCTI ON

IN TYPECH(arg))

) R
)) R

RETURN (FALSE);

END I F;
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IF (' NRF_SCHEMA PLUS EXPRESSI N | N TYPECH(arg))

R
(" NRF_SCHEMA. MLT_EXPRESSI ON' | N TYPECF(arg)) OR
(* NRF_SCHEMA. NAXI MM FUNCTI N I N TYPECF(arg)) CR
(" NRF_SCHEMA. M NI MUM FUNCTI ON' | N TYPECF(ar g) )
THEN
REPEAT i :=1 TO SI ZECF (arg\m.ary_n_expressi on. oper ands) ;
I'F NOT is_int_expr(arg\mary_n_expression.operands[i])
THEN
RETURN ( FALSE) ;
END | F;
END_REPEAT;
RETURN ( TRUE) ;
END | F;
IF (" NRF_SCHEMA M NUS_EXPRESSION | N TYPECF(ar g))
R

(" NRF_SCHEMA. PONER EXPRESSI N I N TYPECR(ar g) )
THEN
RETURN (i s_i nt_expr(arg\bi nary_n_expressi on. operands[ 1] )
AND i s_i nt _expr (arg\binary_n_expression. operands[2]));
END | F;
IF (' NRF_SCHEMA. DI V_EXPRESSI N I N TYPECF(arg)) CR
(" NRF_SCHEMA. MOD_EXPRESSI N | N TYPECF(ar g))
THEN
RETURN ( TRUE) ;
END | F;
IF ' NRF_SCHEVA. SLASH EXPRESSI ON | N TYPECF( ar g)
THEN
RETURN ( FALSE) ;
END | F;
IF ' NRF_SCHEMA LENGTH FUNCTICN | N TYPECF(ar g)
THEN
RETURN (TRUE) ;
END | F;
IF ' NRF_SCHEMA VALUE FUNCTICN | N TYPECF(ar g)
THEN
IF " NRF_SCHEMA | NT_VALUE FUNCTI ON
I N TYPECH(ar g)
THEN
RETURN ( TRUE) ;
ELSE
RETURN (FALSE);
END | F;
END | F;
IF ' NRF_SCHEMA | NTEGER DEFI NED FUNCTI ON
I N TYPECH(ar g)
THEN
RETURN( TRUE) ;
END | F ;
IF " NRF_SCHEVA REAL_DEFI NED FUNCTION IN
TYPECF(arg) THEN
RETURN( FALSE) ;
END I F ;
IF ' NRF_SCHEMA. BOCLEAN DEFI NED FUNCTI ON
I N TYPECH(ar g)
THEN
RETURN( FALSE) ;
END I F ;
IF " NRF_SCHEVA. STRI NG_DEFI NED_FUNCTI ON
I N TYPECF(ar g)
THEN
RETURN ( FALSE) ;
END I F ;

RETURN (FALSE) ;
END_FUNCTI O\

FUNCTI ON consi stent _si ze(parameters: LIST[1:?] O |ist_ascending_real literals;
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function_values: list_real literals): BOOLEAN
LOCAL

resul t: BOCLEAN

n_val ues: | NTECER

i | NTEGER
END LOCAL;
n_val ues : = Sl ZECH(paraneters[1]);
REPEAT i:=2 TO Sl ZECH(par anet ers) ;

n_val ues : = n_values * Sl ZEC-(paraneters[i]);
END_REPEAT;
result := (Sl ZECH(function_val ues) = n_val ues);
RETURN(resul t);
END_FUNCTI ON

FUNCTI ON val i d_bounded_vari abl es(bounds: SET CF | ess_or_greater; variables: LIST CF
SIR variabl e): BOOLEAN

LOCAL

i1 | NTEGER

bounded: SET OF BOCOLEAN

END LOCAL;

I F (Sl ZECF(bounds) >=S| ZEC~(vari abl es)) THEN RETURN( FALSE);

END | F;

REPEAT i : =LA NDEX(vari abl es) TO H | NDEX(vari abl es);
bounded[i ] : =FALSE;

END_REPEAT;

REPEAT i : =LA NDEX( bounds) TO H | NDEX( bounds) ;

I'F NOT (' NRF_SCHEVA. LI TERAL_NUMBER | N
TYPECF( bounds[i ]\ bi nary_gen_expr essi on. operands[1])) THEN

RETURN( FALSE) ;
END | F;

IF NOT (' S| R_ PARAMETERI ZED FUNCTI ON_SCHENA. SI R VARI ABLE | N
TYPECF( bounds[i ]\ bi nary_gen_expr essi on. operands[2])) THEN

RETURN( FALSE) ;
END | F;
END_REPEAT;
RETURN( TRUE) ;
END_FUNCTI O\
FUNCTI ON ascending_list(values: list_real literals): BOOLEAN
LOCAL

i | NTECER
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END_LOCAL;

REPEAT i:= LA NDEX(val ues) TO (H | NDEX(val ues)-1);
IF (val ues[i]>val ues[i+1]) THEN
RETURN( FALSE) ;
END | F;
END_REPEAT;
RETURN( TRUE) ;
END_FUNCTI O\

FUNCTI ON get _cont ai ners(prop: Sl R descriptive_or_functional): SET CF
SIR Iist_of values_or_functions;

LOCAL
i: | NTEGER
sav: BAG OF SIR applicability_of _val ues;
result: SET OF SIR |ist_of_val ues_or_functions;
END_LQOCAL;

sav: = USEDI N prop,
' SI R_PROPERT_SCHEMA S| R_APPLI CABI LI TY_COF_VALUES. VALI D_USACGE. PRCPERTY" ) ;

REPEAT i : =LO NDEX(sav) TO H | NDEX(sav) ;
result[i]:= sav[i].valid_data;
END REPEAT;

RETURN(resul t);
END_FUNCTI O\

TYPE security_classified_item= SELECT (
SI R nodel ,
SI R _node,
SI R _node_r el at i onshi p,
S| R aspect,
SI R _at o_canpai gn,
SIR at o_case,
SI R at o_phase
);
END TYPE;

TYPE dated_item = SELECT (
SI R at o_canpai gn,
NRF_run

)
END_TYPE;

TYPE approved_item = SELECT (
SI R at o_canpai gn

1

END TYPE;

TYPE sourced_item = SELECT (
SI R at o_canpai gn
);

END_TYPE;

TYPE naned_item = SELECT (
NRF_run,
NRF_r un_sequence

END_TYPE;
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ENTI TY NRF_security_assi gnnment
SUBTYPE OF (security classification_assignment);
itens: SET[1:?] OF security classified_item
WHERE
WRL:
SELR security_cl assification_assi gnnent. assi gned_security_classification.security_
| evel . name IN
["unclassified ,'classified ,'proprietary','confidential','secret', 'top_secret'];
END _ENTI TY;

ENTI TY NRF_dat e_assi gnnent

SUBTYPE CF (date_and_ti ne_assi gnrent);
itens: SET[1:?] OF dated_item

END_ENTI TY;

ENTI TY NRF_approval _assi gnnent

SUBTYPE CF (approval _assi gnrrent);
itens: SET[1:?] OF approved_item

END_ENTI TY;

ENTI TY NRF_cont act _assi gnient
SUBTYPE OF (person_and_or gani zati on_assi gnrent ) ;
items: SET[1:?] OF sourced_item
WHERE
WRL: SELR person_and_or gani zati on_assi gnrent . r ol e. nane="' cont act _per son/
organi zation';
END _ENTI TY;

ENTI TY NRF_nane_assi gnnent
SUBTYPE CF (nane_assi gnnent) ;

itens: SET[1:?] OF naned_item
END_ENTI TY;

ENTI TY NRF_nodel _product _rel ati onshi p
SUBTYPE CF (property_definition_representation) ;
WHERE
WRL:
SELR property_definition_representation.definition.name="product_description_for_a
to';
WR2: ' NRF_SCHENA. PRCDUCT_DEFINTION I N
TYPECH( SELF\ property_definition_representation.definition.definition);
WR3: (" NRF_SCHEMA. SIR MCDEL' IN
TYPECF( SELF\ property_definition_representation.used_representation)) XOR
((SI ZECF( SELR\ property_definition_representation. used_representation.itens)=1)
AND
(SI ZECH([ ' NRF_SCHENVA. SI R_NCDE' |, ' NRF_SCHEVA. S| R NCDE_RELATIONSH P, ' NRF_SCHEVA. SI R
SUBMODEL_USAGE ] *
TYPECF( SELR property_definition_representation.used_representation.itens[1]))=1));
END_ENTI TY;

ENTI TY NRF_run
SUBTYPE OF (executed_action);
DER VE
run_nane: SET CF | abel := get_nanes( SELF);
creator_tool _or_facility: SET OF action_resource: = get_tool s( SELF);
timestanp: SET OF date_and_time := get_timestanps(SELF);
I NVERSE
subj ect _associ ation: NRF_run_phase FOR assi gned_acti on;
results_association: NRF_run_results FCR assigned_acti on;
UN QUE
URL: SELF action. name, subject_associ ati on;
WHERE
WRL: SI ZEGF(run_nane) = 1;
WR2: Sl ZECGF(creator_tool _or_facility) = 1;
WR3: SI ZECH(timestanp) = 1;
END_ENTI TY;

ENTI TY NRF_run_phase
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SUBTYPE COF (action_assi gnnent);

subj ect: SIR ato_phase;

SELF\ act i on_assi gnnent . assi gned_acti on: NRF_run;
END_ENTI TY;

ENTITY NRF run_results
SUBTYPE COF (action_assi gnnent);

results: SET[1:?] OF SIR aspect;

SELF\ act i on_assi gnnent . assi gned_acti on: NRF_run;
END_ENTI TY;

ENTI TY NRF_run_sequence

SUBTYPE CF (action);

DER VE
sequence_name: SET CF | abel := get_nanes( SELF);

I NVERSE
subj ect _associ ati on: NRF_run_sequence_case FCR assigned_acti on;
sequence: SET[1:7?] OF NRF_run_in_sequence FCR rel ating_action;

UN QUE

URL: SELF action. name, subject_associ ati on;
WHERE

WRL: S| ZEGF(sequence_nane) = 1;
END_ENTI TY:

ENTI TY NRF_run_sequence_case
SUBTYPE OF (action_assignnment);

subj ect: SIR ato_case;

SELF\ acti on_assi gnnent . assi gned_acti on: NRF_run_sequence;
END_ENTI TY;

ENTI TY NRF_run_i n_sequence
SUBTYPE CF (action_rel ationship);
SELR\ action_rel ati onshi p.rel ating_acti on: NRF_run_sequence;
SELR action_rel ati onship.rel ated_acti on: NRF_run;
WHERE
WRL: rel ated_action. subj ect _associ ati on. subj ect. of _case : =
rel ating_action. subj ect _associ ati on. subj ect ;
END _ENTI TY;

ENTI TY NRF_scan_sanpl ed
SUBTYPE OF (SIR scan);
WHERE
WRL: SELR SIR scan. aspect.lifetime <> invariant;
WR2: EXI STS( SELR\ SI R_scan. absci ssa_val ue) ;
END_ENTI TY;

ENTI TY NRF_scan_deri ved
SUBTYPE CF (SIR scan);
I NVERSE
derivation: NRF_derivation_result FOR result;
END_ENTI TY;

ENTI TY NRF_deri vati on_procedure
SUBTYPE CF (action_net hod);
N QUE

URL: SELF acti on_net hod. nane;
END_ENTI TY;

ENTI TY NRF_derivation_resul t
SUBTYPE CF (action_assi gnnent);

result: NRF_scan_derived;

SELF\ act i on_assi gnnent . assi gned_acti on: NRF_derivati on;
END _ENTI TY;

ENTI TY NRF_deri vati on_bounds
SUBTYPE CF (action_assi gnnent);
bounds: SET[1:2] OF SI R nunber_or_string;
SELF\ act i on_assi gnnent . assi gned_acti on: NRF_derivati on;
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END_ENTI TY;

ENTI TY NRF _derivation
SUBTYPE COF (executed_action) ;
SELR\ act i on. chosen_net hod: NRF_deri vati on_procedur e;
| NVERSE
bounds_associ ati on: NRF_derivati on_bounds FCR assi gned_acti on;
resul t _association: NRF_derivation_result FCR assigned_acti on;
END_ENTI TY;

RULE at o_canpai gn_requires_creati on_date FCR (Sl R_at o_canpai gn,
NRF_dat e_assi gnmnent ) ;
WHERE
WRL: Sl ZEOF( QUERY( obj <* SI R at o_canpai gn| Sl ZEC-( QUERY(nda <*
NRF_dat e_assi gnment| (obj INnda.itens) AND (nda.rol e.nane = 'creation_date')))<>1
))=0;
END RULE;

RULE at o_canpai gn_requi res_contact FCR (Sl R at o_canpai gn, NRF_contact_assi gnnent);
WHERE
WRL: Sl ZECF( QUERY(obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nca <*
NRF_contact _assignnent | obj INnca.itens))<>1 ))= 0;
END RULE;

RULE at _nost _one_nodi fication_date FCR (SI R at o_canpai gn, NRF_date_assi gnrent) ;
WHERE
WRL: Sl ZECF( QUERY(obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nda <*
NRF_dat e_assi gnnent| (obj IN nda.itens) AND (nda.role. nane =
"last _modification_date')))>1 ))= 0;
END RULE;

RULE at _rost _one_security |l evel FOR (SIR rmodel, SIR node, SIR node_rel ationship,
SIR aspect, SIR ato_canpaign, SIR ato_case, SIR ato_phase,
NRF_security_assi gnment);
WHERE

WRL: Sl ZEOF( QUERY(obj <* SI R nodel | SI ZEGF( QUERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;

WR2: Sl ZECH( QUERY( obj <* SI R node| SI ZECH( QUERY(nsa <* NRF_security_assi gnnent
| obj INnsa.itens))>1))= 0;

WR3: Sl ZEGF( QUERY( obj <* SI R node_rel ati onshi p| Sl ZECF( QERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;

WR4: Sl ZEOF( QUERY(obj <* SI R at o_canpai gn| Sl ZECGRF( QUERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;

WRS: Sl ZECF( QUERY(obj <* SIR ato_case| Sl ZECF( QJERY(nsa <*
NRF_security_assignnent | obj INnsa.itens))>1 ))= 0;

WR6: Sl ZEGF( QUERY( obj <* SI R ato_phase| Sl ZECF( QJERY(nsa <*
NRF_security_assignment | obj INnsa.itens))>1 ))= 0;
END RULE;

RULE appl i cation_context_requires_ap_definition FOR
(application_context, application_protocol _definition);
WHERE
WRL: SI ZECF (QUERY (ac <* application_context |
NOT (Sl ZECF (QUERY (apd <* application_protocol _definition |
ac :=: apd.application)) =1))) =0;
END RULE

RULE approval _requires_approval _date_tine FOR (approval,
approval _date_tirme);
WHERE
WRL: SI ZECF (QUERY ( app <* approval |
NOT (Sl ZECF (QUERY (adt <* approval _date tinme |
app : = adt.dated approval)) =1))) = 0;
END RULE;

RULE approval _date tinme_requires_date tine FOR (approval date tine);
WHERE
WRL: SI ZECF (QUERY ( app <* approval _date_tine |
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NOT (' NRF_SCHEMA. DATE_AND TIME | N TYPEOR(app. date_tine)))) = O;
END_RULE;

RULE approval _requires_approval _person_organi zati on FCR (approval ,
appr oval _per son_organi zati on);
WHERE
WRL: SI ZECF (QUERY (app <* approval |
NOT (Sl ZEGF (QUERY (apo <* approval _person_organi zation |
app :=: apo.authorized approval)) = 1))) = 0;
END RULE;

RULE approval _per son_or gani zati on_r equi r es_per son_or gani zati on FCR
(approval _person_organi zation);
WHERE
WRL: SIZECF (QUERY ( app <* approval _person_organi zation |
NOT (' NRF_SCHEMA PERSON_AND_CRGAN ZATION I N
TYPECF( app. per son_or gani zation)))) = 0;
END RULE

RULE approval s_are_assi gned FCR
(approval , NRF_approval _assi gnment);

WRL: SI ZECF (QUERY (app <* approval |
NOT (Sl ZECF (QUERY (aa <* NRF_approval _assi gnnent |
app : = aa.assigned_approval )) >=1))) = 0;
END RULE;

RULE conponent _sequence_r equi res_aspect FCR (SI R_conponent _sequence);
WHERE

WRL: SI ZEOF(USEDI N( SELF, ' NRF_SCHENA. SI R_ASPECT. COVPONENT_SEQUENCE )) >0;
END RULE;

RULE dependent _i nstanti abl e_approval _rol e FOR (approval _rol e);
WHERE
WRL: SI ZECF (QUERY (dtr <* approval _role |
NOT (SIZECF (USEDIN (dtr, '")) >=1))) =0;
END RULE;

RULE dependent _i nstanti abl e_approval _status FCR (approval _status);
WHERE
WRL: SI ZECF (QUERY (ast <* approval _status |
NOT (SIZECF (USEDIN (ast, '')) >=1))) = 0;
END RULE;

RULE dependent _i nstanti abl e_date FOR (date);
WHERE
WRL: S| ZEOF (QUERY (dt <* date |
NOT (S| ZEOF(USEDI N (dt, ' NRF_SCHEMA DATE_AND TI ME. DATE_ OOMPONENT' )) >= 1)))
= O’
END RULE;

RULE dependent _i nstantiable_date_time_role FOR (date_tine_role);
WHERE
WRL: SI ZECF (QUERY (dtr <* date_tine_role |
NOT (SIZECF (USEDIN (dtr, '')) >=1))) = 0;
END RULE;

RULE dependent _i nstanti abl e_person FCR (person);
WHERE
WRL: S| ZEOF(USEDI N( SELF, ' NRF_SCHEMA. PERSON AND ORGAN ZATI ON THE_PERSON ))
>0;
END RULE;

RULE dependent _i nst anti abl e_person_and_or gani zati on_rol e FCR (
per son_and_or gani zati on_rol e);
WHERE
WRL: SI ZECF (QUERY (poar <* person_and_organi zation_rol e |
NOT (Sl ZECF (USEDIN (poar, '')) >=1))) = 0;
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END RULE;

RULE dependent _i nstanti abl e_security_cl assification_| evel FCOR
(security classification_|evel);
WHERE
WRL: SIZECF (QUERY (scl <* security_classification_|evel |
NOT (Sl ZECF (USEDIN (scl, '')) >=1))) = 0;
END RULE;

RULE dependent _i nstantiable_type qualifier FOR (
type_qualifier);
WHERE

WRL: SI ZECF (QUERY (poar <* type_qualifier|
NOT (Sl ZECF (USEDIN (poar, '')) >=1))) = 0;
END RULE;

RULE excl usi ve_subt ypes_acti on_assi gnment FCR (acti on_assi gnnent) ;
WHERE
WRL: SI ZEGF (QUERY (act <* action_assignrment |
Sl ZEQF([' NRF_SCOHENA. NRF_RUN_PHASE , ' NRF_SCHEMA. NRF_RUN_RESULTS', ' NRF_SCHEMA. NRF_RU
N SEQUENCE CASE , ' NRF_SCHEMA NRF_DER VATI ON RESULT ,
' NRF_SCHEMA. NRF_DER! VATI ON_BOUNDS ] * TYPECF(act ) ) <>1)) = 0;
END RULE;

RULE excl usi ve_subtypes_of _scan FOR (SIR scan) ;
WHERE
WRL: SI ZEOF( QUERY(ss <* SI R scan |
(((" NRF_SCHEMA. NRF_SCAN DERI VED ) | N TYPECH(ss)) AND
((" NRF_SCHEVA. NRF_SCAN SAMPLED ) I N TYPECK(ss))) )) =0;
END RULE;

RULE product _requires_version FCR (product, SIR product_version);
WHERE
WRL: SI ZECF (QUERY (prod <* product |
NOT (Sl ZEGF (QUERY (pdf <* SIR product _version |
prod :=: pdf\product_definition_formation.of _product )) >=1))) = 0;
END RULE;

RULE nodel _requires_definition FOR (SI R nodel, NRF_nodel _product _rel ati onshi p);
WHERE
WRL: S| ZEOF(QUERY(sm <* SIR nodel | Sl ZECF( QUERY(nnpr <*
NRF_nodel _product _rel ationship | sm:=:
nnpr\ property_definition_representation. used_representation))=0))=0;
END RULE;

RULE subt ype_mandat ory_action FCR (action);
WHERE

WRL: SI ZEGF (QUERY (act <* action |
Sl ZECR([* NRF_SCHEMA. NRF_RUN , ' NRF_SCHEMA. NRF_RUN_SEQUENCE
' NRF_SCHEMA. NRF_DER! VATI ON | * TYPECF(act) ) <>1)) = 0;
END RULE;

RULE subt ype_mandat ory_action_rel ati onshi p FOR (acti on_rel ati onshi p);
WHERE
WRL: Sl ZEQF (QUERY (act <* action_relationship |
NOT (' NRF_SCHEMVA NRF_RUN I N SEQUENCE I N TYPECF(act)))) = 0;
END RULE

RULE subt ype_mandat ory_date FCR (date);
WHERE
WRL: Sl ZECF (QUERY (act <* date| NOT(' NRF_SCHEVA CALENDAR DATE I N
TYPECF(act)))) = O;
END RULE

RULE subt ype_mandat ory_product _definition_fornati on FCR
(product _definition_fornmation);
WHERE
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WRL: S| ZEGF( QUERY( obj <*
pr oduct _defi nition_formation| NOT(' NRF_SCHENVA. SI R PRCDUCT_VERSION I N
TYPECGF(0bj )))) = O;
END RULE;

RULE subt ype_mandat ory_product _definition_rel ati onshi p FOR
(product _definition_relationship);
WHERE
WRL: S| ZEOF( QUERY( obj <*
product _definition_rel ati onshi p| NOT(' NRF_SCHEMVA. NEXT_ASSEMBLY_USACGE OCCURENCE | N
TYPEGF(0bj )))) = O;
END | ;

RULE uni que_i ds_i n_rmodel FOR (SI R nodel, SIR node, SIR node rel ationship,
Sl R _subnodel _usage);
WHERE

WRL: Sl ZEGF( QUERY(sm <* SI R nodel | NOT (uni que_i ds( QJERY(sn<* SIR node | sn
IN smrepresentation.itens)) AND uni que_i ds(QUERY(snr<* SI R node_rel ationship |
snr INsmrepresentation.itens)) AND uni que_i ds( QUERY(su<* SI R subrodel _usage | su
IN smrepresentation.itens))) )) =0;

END RULE;
FUNCTI ON get _names(prop: naned_iten): SET OF | abel;
LOCAL
i1 | NTEGER
sav: BAG CF NRF_nane_assi gnnent ;
result: SET CF | abel ;
END LOCAL,;

sav := USEDIN( prop, 'NRF_SCHEMA NRF_NAMVE ASS| GNVENT. | TEMB ) ;

REPEAT i: =LA NDEX(sav) TO H | NDEX(sav);
result[i]:=sav[i].assigned_nane;
END_REPEAT:

RETURN(resul t);
END_FUNCTI O\

FUNCTI ON get _tool s(prop: NRF_run): SET CF action_resource;
LOCAL

i1 | NTEGER

sav: BAG CF action_resource;

result: SET CF action_resource;
END LQCAL;

sav := USEDIN( prop, 'NRF_SCHEMA ACTI ON RESCURCE. USAGE ) ;

REPEAT i : =LA NDEX(sav) TO H | NDEX( sav);
IF (sav[i].kind. name="tool _or_facility') THEN
result[i]:=sav[i];
END | F;
END_REPEAT;

RETURN(resul t);
END_FUNCTI ON

FUNCTI ON get _timestanps(prop: NRF_run): SET OF date_and ti mre;
LOCAL

i: INTECER

sav: BAG OF NRF_dat e_assi gnnent ;

result: SET OF date_and_ti ne;
END LOCAL;

sav := USEDIN( prop, 'NRF_SCHEMA NRF_DATE ASS| GNVENT. | TEMB ) ;
REPEAT i : =LO NDEX(sav) TO H | NDEX(sav);

IF (sav[i].role. nane="start_date_and_tine') THEN
result[i]:=sav[i].assigned_date and tine;
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END | F;
END_REPEAT;

RETURN(resul t);
END_FUNCTI QN

FUNCTI ON uni que_i ds(sav: BAG OF SIR nodel _constituent): LOd CAL;
LOCAL

i: INTECER

bag id: BAG CF identifier;
END_LQCAL;

REPEAT i : =LO NDEX(sav) TO H | NDEX(sav);
bag_id[i] := sav[i].id;
END_REPEAT;

RETURN( VALUE_UN QUE(bag_id));
END_FUNCTI O\

END_SCHEMA;
( *
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Annex B - AIM short names of entities (normative)

This annex provides a unique assigned acronym for each entity name occuring in this protocol. The
long form entity names have been extracted from the EXPRESS language statements found in the AIM
EXPRESS listing of annex A.

Requirements on the use of the short names are found in the implementation methods included in 1SO

10303.
Long Name Short Name
action ACTI ON
action_assi gnnent ACTASS
acti on_net hod ACTMIH
action_rel ationship ACTRLT
action_resource ACTRSR
action_resource_type ACRSTY
addr ess ADDRSS
armount _of _substance_neasure_with_unit ACSMAU
amount _of _substance_unit ACSU
appl i cati on_cont ext APPCNT
appl i cati on_cont ext _el enent APCNEL
approval APPRVL
approval _assi gnnent APPASS
approval _date_tinme APDTTM
approval _person_organi zati on APPROR
approval _role APPRL
approval _status APPSTT
appl i cation_protocol _definition APPRDF
area_neasure_w th_unit AMAU
area_unit ARUNT
assenbl y_conponent _usage ASCMUS
cal endar _date CLNDT
cont ext _dependent _uni t CNDPUN
conver si on_based_uni t CNBSUN
coordi nat ed_uni versal _ti me_of f set CUTO
date DATE
date_and_tinme DTANTM
date_and_ti me_assi gnment DATA
date_time_role DTTMRL
derived_unit DRVUNT
derived_unit_el enent DRUNEL
di mensi onal _exponents DVNEXP
docunent DCIVNT
docunent _type DCMIYP
docunent _usage_constrai nt CNBSUN
electric_current_measure_w th_unit ECMAU
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Long Name Short Name
electric_current_unit ELCRUN
execut ed_action EXCACT
group GROUP
group_assi gnment CGRPASS
I engt h_measure_with_unit LMAU

I ength_unit LNGUNT
local _tine LCLTM
lum nous_intensity_measure_with_unit LI MAU

I um nous_intensity_unit LM NUN
mapped_i t em MPPI TM
mass_neasure_wi th_unit MW
mass_unit MSSUNT
name_assi gnnent NVASS
named_uni t NIVDUNT
next _assenbl y_usage_occurence NAUO
NRF_appr oval _assi gnnent NRFAA
NRF_cont act _assi gnment NRFCA
NRF_dat e_assi gnnment NRFDA
NRF_derivati on NRFD
NRF_der i vati on_bounds NRFDB
NRF_deri vati on_procedure NRFDP
NRF_derivation_result NRFDR
NRF_nodel _product _rel ati onship NRFMPR
NRF_nane_assi gnnment NRFNA
NRF_run NRFR
NRF_run_i n_sequence NRFRI S
NRF_run_phase NRFRP
NRF_run_results NRFRR
NRF_scan_deri ved NRFSD
NRF_scan_sanpl ed NRFSS
NRF_security_assi gnnent NRFSA
NRF_sequence NRFS
NRF_sequence_case NRFSC
organi zation ORGNZT
organi zati onal _address ORGADD
organi zati onal _proj ect ORGPRJ
person PERSON
per son_and_or gani zati on PRANCR
per son_and_or gani zat i on_assi gnnent PACA
per son_and_or gani zati on_rol e PAOR
per sonal _addr ess PRSADD
pl ane_angl e_neasure_wi th_unit PAMAU
pl ane_angl e_uni t PLANUN
pr oduct PRDCT
product _cont ext PRDCNT
product _definition PRDDFN
product _definition_context PRDFCN
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Long Name Short Name
product _definition_formation PRDFFR
product _definition_relationship PRDFRL
product _definition_usage PRDFUS
property_definition PRPDFN
property_definition_representation PRDFRP
rati o_measure_w th_unit RMAU
ratio_unit RTUNT
representation RPRSNT
represent ati on_cont ext RPRCNT
representation_item RPRI TM
representation_map RPRVP
security_classification SCRCLS
security_cl assification_assi gnnent SCCLAS
security_classification_|evel SCCLLV
si_unit SUNT

SIR applicability_of_val ues S| RAOV
SI R _aspect SIRA
SI R _at o_canpai gn S| RCAM
SIR _ato_case SI RCAS
SI R_at o_phase S| RP
SI R _case_i n_canpai gn SIRCI C
SI R_conponent _sequence SI RCS
SIR cyclic_tabular_function SI RCTF
SIR_i ndex_i nterval SIRII
SIR initial_conditioning SIRIC
SIR list_of _descriptive_val ues SI RLDV
SIR |list_of _functions S| RLOF
SI R_mask SI RVA
SI R_nodel SI RMO
SI R_node SI RN
SI R _node_rel ati onship SI RNR
SI R node_rel ati onshi p_usage S| RNRU
SI R_node_usage S| RNU
SIR paraneterized_function S| RPAF
SI R _pol ynoni al _function S| RPOF
SI R_product _version S| RPV
SI R property_cl ass S| RPC
SI R property_descriptive S| RPD
SIR property_functional SI RPF
SI R _property_meani ng S| RPM
SIR _property_nane SI RPN
SIR property_quantitative SI RPQ
SIR property_scal ar S| RPS
SI R _property_tensor SI RPT
SI R _property_usage SI RPU
SI R _scal ar_i n_t ensor SIRSIT
SI R_scan SI RS
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Annex B - AIM short names of entities (normative)

Long Name Short Name
SI R_subnodel _usage SI RSU
SIR tabul ar _function SI RTF
SIR_unit_assi gnnent SI RUA
SIR vari abl e SI RV
solid_angl e_nmeasure_with_unit SAMAU
solid_angle_unit SLANUN
t her rodynami c_t enper at ur e_neasure_uni t TTMAU
t her mrodynani c_t enper at ur e_uni t THTMUN
time_measure_with_unit TMAU
time_unit TMUNT
type_qualifier TYPQLF
vol une_uni t VLMUNT

bi nary_gen_expr essi on

| SOL3584_BI GEEX

bi nary_n_expression

| SO13584_BI NEX

bool ean_expressi on

| SO13584_BOOEXP

conpari son_expr essi on

| SOL3584_COVEXP

conpari son_greater_equa

| SO13584_COGREQ

conpari son_| ess_equa

| SO13584_CLOE

envi ronnent

| SOL3584_ENVI RO

expressi on

|1 SO13584_EXPRES

generi c_expression

| SO13584_GENEXP

generic_litera

| SOL3584_GENLI T

generic_variabl e

| SO13584_GENVAR

int_litera

| SO13584_I NTLIT

int_numeric_variable

| SO13584_| NNUVA

l'iteral _nunber

|1 SO13584_LI TNUM

mat hematical _string

| SO13584_MATSTR

mul t _expr essi on

| SO13584_MJLEXP

m ary_gen_expressi on

|1 SO13584_MAGE

m ary_n_expressi on

| SO13584_MANE

numer i c_expressi on

| SO13584_NUMEXP

nuneric_vari abl e

| SOL3584_ NUMVAR

pl us_expressi on

| SO13584_PLUEXP

power _expr essi on

| SO13584_POVNEXP

real _litera

| SO13584_REALIT

real _numeric_variable

| SO13584_RENUVA

si npl e_gen_expresssi on

| SOL3584_SI GEEX

unary_gen_expr essi on

| SO13584_UNGEEX

unary_n_expressi on

| SO13584_UNNEX

si npl e_n_expr essi on

| SOL3584_SI NEX

vari abl e

1 SO13584_VARI AB

vari abl e_semanti cs

| SO13584_VARSEM
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Annex C - Implementation method specific requirements (normative)

An implementation method defines the exchange characteristics and representation that are required by
this part. Conformance to this part shall be realized using one of the implementation methods specified
in 1SO 10303.

This annex specifies additional requirements for the use of this part of 1SO 10303 with an exchange
structure as specified in 1SO 10303-21.

C.1 Referenceto the AIM schema

This annex specifies requirements on the header section of an exchange structure.

The attribute schema_identifier s of the entity file_name of the header section of an exchange structure
shall for the purpose of this part include inits list of schema_names the name ‘NRF_SCHEMA’ and
only this name.
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Annex G - Application Reference Model (Informative)

G.1

EXPRESS definition of the ARM application objects

SCHEMNA nrf_arm scheng;
-- Annex to NRF-002-AP rel ease 1.4, 15 Novenber 1996

-- Checked with ST-EXPRESS by STEPTool s Inc.
-- and | S versions of EXPRESS schemas for |SO 10303 parts 41, 42, 43

USE FROM support _resour ce_schema (
identifier,
| abel ,
text ); -- defined in 1SO 10303 part 41

USE FROM dat e_ti ne_scheng;
-- defined in 1SO 10303 part 41

USE FROM neasur e_scheng;
-- defined in 1SO 10303 part 41

USE FROM per son_or gani zat i on_scheng;
-- defined in 1SO 10303 part 41

USE FROM docunent _scheng;
-- defined in 1 SO 10303 part 41

USE FROM security_cl assificati on_schena (
security_classification_level ); -- defined in |1 SO 10303 part 41

TYPE absci ssa_sequenci ng_type = ENUMERATI ON CF (
strictly_decreasing,
nmonot oni ¢c_decr easi ng,
nonot oni ¢_i ncr easi ng,
strictly_increasing);
END TYPE;

(* address used from | SO 10303-part-41 person_organi zati on_schema
* ENTI TY address;

* i nternal _| ocation . CPTIONAL | abel ;
* street _nunber . CPTI ONAL | abel ;
* street : CPTI ONAL | abel ;
* post al _box . CPTIONAL | abel ;
* t own . CPTI ONAL | abel ;
* regi on : CPTI ONAL | abel ;
* post al _code . CPTIONAL | abel ;
* country . CPTI ONAL | abel ;
* facsi mle_nunber : CPTI ONAL | abel ;
* t el ephone_nunber . CPTIONAL | abel ;
* el ectroni c_mail _address : CPTI ONAL | abel ;
* t el ex_nunber . CPTI ONAL | abel ;
* WHERE

*  WRL: EXI STS(internal _| ocation) R
* EXI STS( st reet _nunber) CR
* EXI STS( st reet) R
* EXI STS( post al _box) R
* EXI STS(t own) R
* EXI STS(r egi on) R
* EXI STS( post al _code) CR
* EXI STS(count ry) R
* EXI STS(f acsi mi | e_nunber) R
* EXI STS( t el ephone_nunber) R
* EXI STS(el ectroni c_mai | _address) OR

EXI STS(t el ex_nunber) ;
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* END_ENTI TY;
*)

ENTI TY approval ;
-- is asinplification of approval

in | SO 10303-41 approval _schena

| evel . | abel ;
date_tinme : date_and_tine;
by_person_organi zati on : person_and_organi zati on;
END_ENTI TY;
ENTI TY at o_aspect ;
nane . | abel ;
for_property_cl ass : property_cl ass_usage;
lifetine :lifetime_type;
conponent _sequence : nodel _conponent _sequence;
scans : LIST [1:?] OF scan;
security_cl ass : OPTIONAL security_classification_|evel;
END_ENTI TY;

ENTI TY at o_canpai gn;
-- "ato" stands for "analysis, tes
of _proj ect :
name
descri ption
creation_date_and_tine :
| ast _nodi fication_date_and_tine :
cont act _per son_or gani zat i on
approval s
security_cl ass
arm schema_nane

arm protocol _year
UN QUE

url : of _project, nane;
END_ENTI TY:

ENTI TY at o_case;
-- "ato" stands for "analysis, tes

t or operation”

organi zat i onal _proj ect;

| abel ;

text;

date_and_tine ;

CPTI ONAL date_and_ti ne ;
per son_and_or gani zati on;
SET [0:?] CF approval ;
CPTI ONAL security_classification_|evel;
STR NG

| NTECER,

t or operation"

of _canpai gn . ato_canpai gn;

id :identifier;

nane : | abel ;

description T otext;

r oot _nodel . networ k_nodel ;

absci ssa_cl ass . property_cl ass_usage;

absci ssa_sequencing : CPTI ONAL abs

ci ssa_sequenci ng_t ype;

predefi ned_aspects : SET [0:?] OF ato_aspect;

security_cl ass . CPTIONAL sec
| NVERSE

urity classification_level;

phases : SET [0:?] OF ato_phase FCR of _case;
uni t _assi gnnent s : SET [1:?] OF unit_assignment FOR of _case;

UNI QUE
url : of _campaign, id;
END_ENTI TY;

ENTI TY at o_phase;

-- "ato" stands for "analysis, test or operation”

of _case . ato_case;
id :identifier;
nane . | abel ;
description T otext;
predefined_aspects : SET [0:?] CF
security_cl ass : CPTIONAL secu
UN QUE
url : of _case, id;
END_ENTI TY;

(* cal endar_date used from| SO 10303
* ENTI TY cal endar_date
*  SUBTYPE CF (date);

at o_aspect ;
rity classification_level;

-41 date_time_schema
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* day_conponent : day_i n_nont h_nunber;
* nont h_conponent : nont h_i n_year _nunber;
* WHERE

*  WRL: valid_cal endar_date (SELF);

* END_ENTI TY;

*)

ENTI TY cyclic_tabul ar_function
SUBTYPE CF ( tabul ar_function );
period : scal ar_val ue;

WHERE
wl : SIZECF( SELR parameterized_function. parameter_properties ) = 1;
END_ENTI TY;
(* date used from| SO 10303-41 date_ti me_schena
* ENTITY date
* SUPERTYPE CF (ONECF (cal endar _dat e,
* ordi nal _date,
* week_of _year _and_day_date));
*  year_conponent : year_nunber;
* END_ENTI TY;
*)
(* date_and_tinme used froml| SO 10303-41 date_tinme_schema
* ENTITY date_and_ti ne;
* date_conponent : date;
* tine_conponent : |ocal _tine;
* END_ENTI TY;
*)
(* docunent used from | SO 10303-41 docunent _schena
* ENTI TY docunent ;
* id cidentifier;
* namne . label;
* description : text;
* ki nd : docunent _type;
* UNQUE
* URL: id;
* END_ENTI TY;
*)

(* docunent _type used from | SO 10303-41 docunent _schenma
* ENTI TY docunent _type;

* name : label; -- Mdified Attribute was called product_data type in | SO
10303- 41

* END_ENTI TY;

*)

(* docunent _usage_constraint type used from| SG 10303-41 docunent _schena

* ENTI TY docurent _usage_constrai nt;
* sour ce . docunent ;
* subj ect _el enent . | abel;
*  subject_elenent_val ue : text;
* END_ENTI TY;
*)
TYPE lifetime_type = ENUMERATI ON OF (
i nvari ant,
sanpl e,
interval ) ;
END _TYPE,

ENTITY |ist_of descriptive_val ues;
applicable for : SET [1:?] CF property_cl ass_usage;

nane . | abel ;
entries : LIST[1:?] OF STRNG
END_ENTI TY;
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ENTITY |ist_of _functions;
applicable for : SET [1:?] CF property_cl ass_usage;

nane . | abel ;
entries : LIST [1:?] CF paraneterized function;
END_ENTI TY;
(* local _time used from| SO 10303-part-41 date_ti me_schena
* ENTITY | ocal _tine;
* hour _conponent : hour _i n_day;
* m nut e_conponent : CPTIONAL minute_i n_hour;
* second_conponent : CPTI ONAL second_i n_m nut e;
* zone . coordi nated_uni versal _tine_offset;
* \WHERE
*  WRL: valid_time (SELF);
* END_ENTI TY;
*)
ENTI TY nodel _conponent _sequence;
id : identifier;
nare : |l abel;
conponents : LIST [1:?] CF UNIQUE networ k_nodel _conponent ;
DER VE
root_model : network_mnodel := find_root_nodel ( conponents );
END _ENTI TY;

FUNCTI ON find_root _nodel ( ntl : LIST OF network_nodel _conponent ) : network_nodel ;
-- to be inpl enented

END_FUNCTI QN
ENTI TY nodel _represents_product _rel ati onshi p;
nodel _consti t uent . networ k_nodel _or_constituent;
represent ed_product : product_definition;
END _ENTI TY;
ENTI TY net wor k_nodel ;
id cidentifier;
version_id cidentifier;
nane . | abel ;
descri ption o text;
security_class : COPTIONAL security_classification_level;
constituents : SET [1:?] CF network_rodel _constituent;
UN QUE
url: id, version_id;
END _ENTI TY;

TYPE net wor k_nodel _conponent = SELECT (

net wor k_nodel ,

net wor k_node,

net wor k_node_r el ati onshi p,

subnodel _usage,

net wor k_node_usage,

net wor k_node_r el ati onshi p_usage );
END TYPE;

TYPE net wor k_nodel _constituent = SELECT (
net wor k_node,
net wor k_node_r el ati onshi p,
subnodel _usage );

END_TYPE;

TYPE net wor k_nodel _or_constituent = SELECT (
net wor k_nodel ,
net wor k_nodel _constituent );

END _TYPE;

ENTI TY net wor k_node;
id c identifier;
nane . CPTIONAL | abel ;
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cl ass . LIST [1:?] CF network_node_cl ass;
security_class : COPTIQNAL security_classification_level;
END ENTI TY,;

ENTI TY net wor k_node_cl ass;
nane : |abel;

UN QUE
url: narme;

END _ENTI TY;

TYPE net wor k_node_sel ect = SELECT (
net wor k_node,
net wor k_node_usage );

END TYPE;
ENTI TY networ k_node_rel ati onshi p;
id cidentifier;
nane . CPTIONAL | abel ;
cl ass : LIST [1:?] CF network_node_rel ati onshi p_cl ass;
nodes : LIST [2:?] CF network_node_sel ect;
security_class : OPTIONAL security_classification_|evel;
END_ENTI TY;
ENTI TY networ k_node_r el ati onshi p_cl ass;
name : |abel;
UN QUE
url: nane;
END_ENTI TY;

ENTI TY networ k_node_r el ati onshi p_usage;
used_subnodel : subnodel _usage;
relationship : network_node_rel ationship;

END _ENTI TY;

ENTI TY net wor k_node_usage;
used_subnodel : subnodel _usage;
node . networ k_node;

END _ENTI TY;

(* organi zation used from| SO 10303-41 person_organi zati on_schema

* ENTI TY organi zation;
* id : CPTIONAL identifier;
* nane . | abel ;
* description : text;
* END_ENTITY;
*)
(* organi zational _address used from | SO 10303-41 person_organi zati on_schema
* ENTI TY organi zati onal _address
* SUBTYPE CF (address);
*  organizations : SET [1:?] OF organization;
* description : text;
* END_ENTI TY;
*)
(* organi zational _project used from| SO 10303-41 person_organi zati on_schena
* ENTITY organi zati onal _proj ect;
* nane . | abel ;
* description o otext;
* responsi bl e_organi zations : SET[1:?] CF organization;
* END_ENTI TY;
*)

ENTI TY pararet eri zed_f uncti on
ABSTRACT SUPERTYPE CF( ONECH(
paranet eri zed function_w th_formla,
pol ynonm al _functi on,
tabul ar_function ) );
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name : | abel;
description . text;
paramet er_properties : LIST [0:?] CF property_cl ass_scal ar_quantitati ve;
result_property . property_class_scal ar_quantitative;
source : CPTI ONAL docunent _usage_constrai nt;
definition_timestanp : OPTIONAL date_and_ti rre;

END_ENTI TY;

ENTI TY paraneterized_function_w th_forml a
SUBTYPE CF( paraneterized_function );

END_ENTI TY;

forml a T text;
| anguage : CPTIONAL | abel ;
creator_tool _or _facility : CPTIONAL | abel;
END_ENTI TY;
(* person used from | SO 10303-41 person_organi zati on_schena
* ENTITY person;
* id identifier;
* | ast _nane : CPTIONAL | abel ;
* first_nanme . CPTIONAL | abel ;
* mddle_names : COPTIONAL LIST [1:?] CF | abel;
* prefix_titles : CQPTIONAL LIST [1:?] CF | abel;
* suffix_titles : CPTIONAL LIST [1:?] OF |abel;
* UNQE
* URL: id;
* \WHERE
*  WRL: EXISTS(l ast_name) OR EXI STS(first_nane);
*

)

(* person_and_organi zation used from | SO 10303-41 person_organi zati on_schena
* ENTI TY person_and_or gani zati on;

* t he_per son : person;

* the_organi zation : organi zati on;

* END_ENTI TY;

*)
(* personal _address used from | SO 10303-41 person_organi zati on_schenma
* ENTI TY per sonal _address

* SUBTYPE OF (address);

* peopl e : SET [1:?] COF person;

* description : text;

* END_ENTI TY;

*)

ENTI TY pol ynoni al _function
SUBTYPE CF( parameterized_function );
degree : | NTEGER
coefficients : LIST [1:7] OF REAL;
| ower _domai n_bounds : ARRAY [1:3] COF CPTI ONAL REAL;
upper _dormai n_bounds : ARRAY [1:3] OF CPTIONAL REAL;
WHERE
wl: (degree >= 1) AND (degree <= 10);
END_ENTI TY;

ENTI TY product ;

id :identifier;

nane . | abel;

description T otext;

frame_of reference : SET [1:?] COF product_context;
END_ENTI TY;

ENTI TY product _cont ext ;
name . | abel;
di scipline_type : |abel;

END_ENTI TY;

ENTI TY product _definition;
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id : identifier;
description : text;
frame_of reference : product_definition_context;
UN QUE
url: id, frane_of _reference;
END _ENTI TY;
ENTI TY product _defini ti on_cont ext;
nane . | abel ;
life_cycle _stage : |abel;
END_ENTI TY;
ENTI TY product _next _assenbl y_usage_r el ati onshi p;
id :identifier;
assenbl y : product _definition;
constituent : product_definition;
UN QUE
url: id, assenbly;
END_ENTI TY;
ENTI TY product _versi on;
of _product : product;
id :identifier;

description : text;

definitions : SET [1:?] OF product_definition;
UN QUE

url: id, of_product;
END_ENTI TY;

TYPE property_class = SELECT (
property_cl ass_scal ar,
property_cl ass_tensor );

END TYPE;

ENTI TY property_cl ass_scal ar
ABSTRACT SUPERTYPE CF ( ONECF (
property_cl ass_scal ar_descri pti ve,
property_cl ass_scal ar_functional ,
property class_scal ar_quantitative ) );

namne : property_nare;
synmmet ry : CPTIONAL property_symmetry;
END_ENTI TY;

ENTI TY property_cl ass_scal ar_descriptive
SUBTYPE CF ( property class_scalar );
DER VE
val ue_container : SET [1:?] CF list_of_descriptive_val ues
:=find_list_of_descriptive_values( SELF );
END_ENTI TY;

FUNCTI ON find_list_of _descriptive_val ues(

pcsd : property _class_scal ar_descriptive ) : SET OF |ist_of _descriptive_val ues;
-- to be inplenented
END_FUNCTI O\

ENTI TY property_cl ass_scal ar_functi onal
SUBTYPE CF ( property class_scalar );

DER VE
function_container : |ist_of_functions
:=find_list_of functions( SELF);
END_ENTI TY;

FUNCTION find I|ist_of functions(

pcsf : property_class_scalar_functional ) : SET CF |ist_of_functions;
-- to be inplenented
END_FUNCTI O\

ENTI TY property_cl ass_scal ar_quantitative

NRF-002-AP Release 1.4 (15 November 1996) G-7




STEP-NRF — Network-model Results Format

SUBTYPE CF ( property_class_scalar );

END_ENTI TY;
ENTI TY property_cl ass_tensor;
name : property_narre;
t ensor _order o | NTEGCER,
dinensionality : | NTECER
I NVERSE
menber s SET [1:?] CF scalar_in_tensor FCR tensor;
WHERE
wl: ( (tensor_order = 1) AND (dinensionality >= 2) ) R
( ( (tensor_order = 2) AND (dinensionality = 2) ) (R
( (tensor_order = 2) AND (dinensionality = 3) ) ) R
( ( (tensor_order = 4) AND (dinensionality = 2) ) (R
( (tensor_order = 4) AND (dinensionality = 3) ) )

END_ENTI TY;

ENTI TY property_cl ass_usage;
of _case : ato_case;

property :
meani ng
END_ENTI TY;

property_cl ass;
LIST [1:?] CF property_role;

ENTI TY property_nane,

nane : | abe
UN QUE

url : nane;
END_ENTI TY;

ENTI TY property_rol e;

nane : | abe
N QUE

url : nane;
END_ENTI TY;

TYPE property_symretry = ENUVERATI ON CF (

symmet ri cal
anti symmetr
END TYPE,

ENTI TY run;
of _phase
id
nane
description
ti mestanp
creator_too
aspects

UN QUE

1

ical );

at o_phase;
identifier;
| abel ;
text;
: date_and_ti rre;
| _or_facility : CPTIONAL | abel;
: SET [1:?] OF ato_aspect;

url: of _phase, id;

END_ENTI TY;

ENTI TY run_se
of case
id
nare

description :

runs

UNI QUE

qguence;
at o_case;
identifier;

| abel ;

text;

LIST [1:?] CF run;

url : of _case, id;

END_ENTI TY;

ENTI TY scal ar
t ensor
scal ar
position :
rol es

END _ENTI TY;

_in_tensor;

property_cl ass_t ensor;
property_cl ass_scal ar;

I NTECER,
LIST [1:?] CF property_role;
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TYPE scal ar_val ue = NUMBER ;
END TYPE;

ENTI TY scan
ABSTRACT SUPERTYPE OF( ONECH(
scan_of _sanpl ed_val ues,
scan_of _derived_values ) );

absci ssa value : CPTIONAL scal ar_val ue;
mask : CPTIONAL scan_nask;
nunber _of _val ues : | NTECER
val ues : ARRAY [ 1: nunber _of val ues] OF OPTI CNAL scal ar_val ue;
I NVERSE
of _aspect . ato_aspect FCR scans;
END _ENTI TY;
ENTI TY scan_deri vati on_procedur e;
nane : | abel;
UN QUE
url : nane;
END _ENTI TY;

ENTI TY scan_nask;
defined_ranges : LIST [1:?] CF ARRAY [1:2] CF I NTECER
END_ENTI TY;

ENTI TY scan_of derived val ues
SUBTYPE CF ( scan );
derivation_procedure : scan_derivation_procedure;

absci ssa start . CPTI ONAL scal ar_val ue;
absci ssa_end : CPTI ONAL scal ar_val ue;
END _ENTI TY;

ENTI TY scan_of _sanpl ed_val ues
SUBTYPE CF ( scan );

WHERE
wl: EXI STS( SELR scan. absci ssa_val ue );
END_ENTI TY:

(* security classification_|level used from
* |1 SO 10303- 21 security_cl assification_schema

*

* ENTITY security_classification_|level;

* nane : | abel;

* END_ENTITY,

*

)

*

* restrict_security_classification_|level copied froml SO 10303-203

*)
RULE restrict_security_classification_|level FOR (security_classification_|level);
WHERE

WRL: SIZECF (QUERY (scl <* security classification_|evel |
NOT (scl.name IN['unclassified , 'classified , 'proprietary',
‘confidential', 'secret', 'top_secret']))) = 0;
END RULE;, -- restrict_security_classification_|evel

ENTI TY subnodel _usage;

id :identifier;
name : label ;
subnodel : networ k_nodel ;

source_node : network_nhode;
target _node : network_node;
END_ENTI TY;

ENTI TY tabul ar_function
SUBTYPE CF ( paraneterized function );
par arret er _val ues : LIST [1:?] CF scal ar_val ue;
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functi on_val ues . LIST [1:?] CF scal ar_val ue;
interpolation_type : tabular_interpolation_type;
i nterpol ation_degree : CPTI ONAL | NTECER,

END_ENTI TV;

TYPE tabul ar_i nterpol ati on_type = ENUMERATI ON CF (
l'i near | ogarithmc,
pol ynom al );

END_TYPE;

(
i nsi ght

TYPE uni

END_ENTI

¥ 0% %k %k 3k 3k %k X %k X X %k X % %k X X 3k X Xk X X 3k X X F X X X X X X X X X X X *

)

unit used from| SO 10303-41 neasure_schena
Here sone additional ENTITY definitions are given to provide

on how units are defined in | SO 10303-41.

t = SELECT

(naned_uni t,
derived_unit);
END TYPE;

ENTI TY named_uni t
SUPERTYPE CF (ONECF (si_unit, conversion_based_unit, context_dependent_unit)
ANDOR

ONECF (I ength_unit,
mass_unit,
time_unit,
electric_current_unit,
t her nodynani c_t enperat ure_unit,
anount _of _substance_uni t,
lum nous_intensity unit,
pl ane_angl e_uni t,
solid_angle unit,
area_unit,
vol une_uni t,
ratio_unit ));

di nensi ons : di mensi onal _exponents;

T,

ENTI TY derived_unit;
elenments : SET [1:?] OF derived_unit_el enent;

WHERE

WRL : ( SIZECF ( elements ) > 1) R

(( SIZECF ( elenents ) = 1) AND ( elenents[1].exponent <> 1.0 ));

END_ENTI TY:
ENTI TY deri ved_unit_el enent;

uni t naned_uni t;

exponent : REAL;
END _ENTI TY;

ENTI TY uni t _assi gnnent ;

of _case

at o_case;

for_property class : property_class_scal ar;

assi gned_

UN QUE

uni t ounit;

url: of _case, for_property class;

END_ENTI TY;

END_SCHEMA;

-- nrf_armschema
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G.2 EXPRESS-G Diagram of the ARM

The EXPRESS-G diagrams of the ARM are supplied as an annex of 18 single sided A4-pages, that can
be assembled into one large diagram of 6x3 pages.
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Annex H - AIM EXPRESS-G (informative)

The following diagrams correspond to the short form of the AIM schema, defined in clause 5.2. The
figures use the EXPRESS-G graphical notation for the EXPRESS language.

EXPRESS-G is defined in annex D of 1SO 10303-11.
The existence of global rules on an entity are indicated with the asterisk notation of the language.
Uniqueness and loca rules are not indicated.

The EXPRESS-G diagrams of the AIM are supplied as an annex of 44 single sided A4-pages, that can
be assembled into one large diagram of 11x4 pages.
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Annex J - AIM EXPRESS Listing (Infor mative)

Supplied asfile|_form.DOS on aMS-DOS formatted 1.44 MB DS/HD floppy disk.
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Annex K - Application protocol implementation and usage guide
(informative)

K.1 Coefficients of a polynomial function

Polynomial functions of a given degree and a given number of parameters usually do not contain as
much as monoms as there are element in the relevant base of polynoms.

The proposed mapping enables to transfer only the non-zero monoms.

In order to limit the number of instances needed to transfer a polynomial function, it is advised,
therefore, not to transfer zero coefficients.
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